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SECTION 1
WORK PLAN PREPARATION

The planning documents for the Remedial Investigation/Feasibility Study at the
BlackweU Landfill NPL Site consist of a Work Plan (WP), a Field Sampling Plan (FSP),
a Quality Assurance Project Plan (QAPP), and a site specific Health and Safety Plan
(HSP). Each of the plans has a specific purpose, and efforts have been made to avoid
duplication of focus in the documents.

For example, although monitoring well installation will be discussed in all four of the
documents, each document addresses a different aspect of the process. The focus of
monitoring well activities in the Work Plan will be to specify the number and locations of
wells and describe the rationale for each of the well locations. The focus of the FSP is to
describe the details of soil boring and sampling, well construction, groundwater sampling
procedure, and aquifer testing. The QAPP contains the specific protocols which will be
followed for sampling, sample handling and storage, chain-of-custody, and laboratory (or
field) analysis. The Site Specific HSP provides the field personnel with a description of
procedures and personal protective equipment to be used for while making soil borings,
constructing monitoring wells and collecting samples.

A detailed description of each of the planning documents follows.

1.1 Work Plan (ViP)
This RI/FS Work Plan has been developed in conformance with the provisions of the
Consent Order and standards set forth in the following statutes, regulations and
guidance:

dated October 1988;

National Contingency Plan (NCP), dated February 1990, and

Additional Guidance Documents provided by U.S. EPA.



I
Work Plan Page 2 of 64
Blackwell Landfill REVISION: Final
DuPage County, Illinois DATE; January 28,1991

I

I

I

I

The purpose of the Work Plan is to define the scope and objectives of the RI/FS. The
scope consists of proposed numbers and locations for each of the field activities and
details for completion of non-field activities. Recognizing that some modification of
sampling locations and parameters may be appropriate as more is learned about the site,
the objectives for each activity are also provided to aid decision making. A Data
Management Plan is included as Appendix A of the Work Plan.

The schedule, included as Table 1-1, shows the estimated implementation of tasks and
submission of deliverables in weeks subsequent to regulatory approval. It does not
include excessive laboratory turnaround times or extended U.S. EPA review periods.

1.2 Field Sampling Plan
A Field Sampling Plan (FSP) addressing data acquisition activities for the RI has been
prepared. The plan contains a summary of the site background, a statement of sampling
objectives, a listing of sample locations and frequency, sample designation, sampling
equipment and procedures, and a summary of sample handling and analysis. The
procedures described in the FSP include methods for source characterization and
preliminary migration pathway assessment including soil borings, well installations,
determination of groundwater levels, hydraulic conductivity tests, and surface water, soil,
sediment and groundwater sampling.

I
|£-

I

I

I

I

I ®
13 Quality Assurance Project Plan

I A Quah'ty Assurance Project Plan (QAPP) has been prepared in accordance with current
U.S. EPA guidance. The QAPP specifies the analytical methods and protocols to be

( used at the various stages of the site investigation. Specific methods are defined for field
screening of samples, waste and contaminant characterizations and bench and pilot
treatability testing. U.S. EPA Contract Laboratory Program (CLP) protocols will be

I used for waste and contaminant characterization analyses. The outline for the QAPP
includes:

I
Title Page
Table of Contents
1. Project Description
2. Project Organization and Responsibilities
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3. QA Objectives for Measurement
4. SamplingProcedures
5. Sample Custody
6. Calibration Procedures
7. Analytical Procedures
8. Data Reduction, Validation, and Reporting
9. Internal Quality Control

10. Performance and Systems Audits
11. Preventative Maintenance
12. Data Assessment Procedures
13. Corrective Actions
14. Quality Assurance Reports

1.4 Site Specific Health and Safety Plan
The Health and Safety Plan (HSP) has been prepared to address hazards that the
investigation activities may present to the investigation team and to the surrounding
community. The plan conforms to applicable regulatory requirements and guidance
including:

• "Occupational Safety and Health Standards for Hazardous Waste Operations
and Emergency Response" [29 CFR 1910.120 (I)(2)], Final Rule, March 6,1989;

• U.S. EPA Order 14403 - "Respiratory Protection";

• U.S. EPA Order 1440.2 - "Health and Safety Requirements for Employees
Engaged in Field Activities";

• U.S. EPA Occupational Health and Safety Manual: and

• U.S. EPA Standard Operating Safety Guides (November 1984).

The Health and Safety Plan details personnel responsibilities, protective equipment,
procedures and protocols, decontamination, training and medical surveillance. The plan
identifies problems or hazards that may be encountered and their anticipated solutions.
Procedures for protecting third parties such as visitors or the surrounding community are
also provided.

1.5 ATSDR Health Assessment
Copies of the Planning Documents and information collected during the RI/FS will be
made available by the U.S. EPA to the Agency for Toxic Substances and Disease
Registry (ATSDR) pursuant to SARA.
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SECTION!
INVESTIGATIVE SUPPORT

2.1 Site Mapping/Description
An accurate topographic map of appropriate working scale and contour interval has
been prepared. A base map of the site will be prepared from this topographic map, and
will have a scale of one inch to 100 feet (1":100') and two-foot contour intervals. The
base map will show the locations of wetlands, floodplains, water features, buildings,
utilities, paved areas, and other pertinent features. Larger scale maps may be produced
from the base map, as necessary. Maps will be prepared from the base map to show the
location of existing monitoring wells, additional wells installed, all sampling locations,
and water supply wells.

If necessary, surveying may be conducted to establish horizontal and vertical controls for
the site relative to the National Geodetic Vertical Datum of 1929.

A boundary survey has been completed to locate the boundaries so that future activities
do not cany over onto adjacent properties without proper permission. Figure 2-1 shows
the boundaries of the Blackwell Landfill Study area and also delineates the landfilled
area itself.

22 Preparation of Support Facilities
A field office and decontamination area will be set-up in Denny's Den, located at the
north end of the landfill (Figure 2-1). Denny's is the garage and office area which was
used when the landfill was hi operation. Access to the area is limited by a locking gate.
A concrete decontamination pad will be constructed to collect the water used to
decontaminate the drill rig and other sampling equipment. The decontamination and
purge water will be contained either in drums or a tanker and analyzed for appropriate
disposal. If necessary, a licensed hauler will be used for disposal.

Additional arrangements will be made as necessary to construct the appropriate support
facilities and/or procure the equipment necessary to perform a hazardous site
investigation. This could include the preparation of decontamination facilities, utility
hook-ups, and site access control stations.
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SECTIONS
DESCRIPTION OF THE CURRENT SITUATION

3.1 Site Location and History

3.1.1 Site Location and Boundaries
3.1.1.1 Location. The Blackwell Landfill NPL Site (Site) is located in Section 26,
Township 39 North, Range 9 East, DuPage County, Illinois. The Site is part of the Roy
C. Blackwell Forest Preserve, and is owned by the DuPage County Forest Preserve
District (FPD). The landfill itself occupies approximately 40 acres within a forest
preserve of more than 1200 acres. The location of the Site is illustrated hi Figure 3-1.

3.1.1.2 Site Boundaries. The boundaries that define the extent of the Blackwell Landfill
NPL Site are as follows. On the north and east the boundary extends through the center
of Silver Lake from Spring Brook on the north to Butterfield Road (Route 56) on the
south. The southern boundary extends along Butterfield to the intersection of
Butterfield Road and the West Branch of the DuPage River, and then northward from
this intersection to the intersection of the West Branch of the DuPage River and Spring
Brook. Spring Brook forms the western boundary of the Site. Figure 2-1 and 3-2
illustrates the boundaries of the Site.

3.1.2 Site History
3.1.2.1 History Prior to Landfill Construction. The original 40-acre tract which was
developed into the Blackwell Landfill was purchased by the Forest Preserve District of
DuPage County in 1960. Over the following five-year period, approximately 1,100
additional acres were acquired by the Forest Preserve District. The property was
purchased with the intent that after construction of the landfill the site would be
developed as a forest preserve and used for recreational purposes.

The original intent was to use an abandoned gravel pit at the site for solid waste disposal.
In 1963, gravel excavation was resumed, and continued until July of 1969. During the
course of the gravel mining, the lakes at the site were enlarged and deepened. The
mined materials were sold to fund the lake construction, and recreational and flood
control projects.
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The concept of landfilling within the gravel pit was subsequently abandoned. Instead, it
was determined that an environmentally-secure landfill would be constructed on the
FPD property. The intent was to construct a landfill that would limit the effects of waste
disposal on the surrounding area, create a hill within the preserve which could be used
for recreational purposes, and provide an economical means of constructing the lakes at
the preserve. The excavation of the lakes would provide clay materials which could be
used in landfill construction, and would also provide aggregate which could be sold to
help defray the costs of landfilling.

,r>, Concern regarding the suitability of the site for landfilling was expressed by several
parties, including the Illinois State Geological Survey, the Illinois Sanitary Water Board,
and Northeastern Dlinois Planning Commission (NIPC) personnel. Concerns regarding
the site centered on its geologic and hydrogeologic characteristics, including its position
on the edge of the Warrenville cone of depression, extensive sand and gravel deposits in
the Site area, and the probable hydraulic connection between the recreational lakes and
the buried refuse. The ISGS suggested that careful engineering procedures would be
necessary to develop a secure landfill at the site, so the County Board of Commissioners
approved the development of an engineering plan for the project.

3.1.2.2 Landfill Design and Construction. Original design recommendations were
developed by the NIPC. Preliminary design specifications for the Blackwell Landfill

o/ were developed by William Rose and Associates (Rose) for DuPage County and
submitted in October, 1966. It was recommended by Rose that the landfill cover a 35-
acre area, that a three-to-one clay to refuse ratio be employed, and that the fill area be
constructed as a honeycomb of one-acre cells. Each cell would have a one and one-half
foot clay base and a perimeter clay berm eight to nine feet in height Each cell would be
filled with two three-foot lifts of refuse, separated by six inches of clay. Each cell would
be covered by one and one-half feet of clay, which would form the base of the overlying
cell. The cells were to be offset, to maximize stability in the landfill design. The cover
design specified a final 12-foot layer of compacted clay, covered by soil and vegetation.
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The construction of the landfill was performed as a joint effort between the DuPage
County Public Works Department (PWD) and the FPD. Under the agreement between
the agencies, the PWD was to build the landfill, under supervision by the FPD. The
following construction specifications were included in the contract drawn up between the
two agencies:

. Berm Height-Four feet per lift

. Berm Width-11 to 12 feet at top.

. Refuse Height-Three feet per lift

. Minimum Daily Cover-Six inches of clay or mixture of clay and gravel.

. Floor Construction-Two feet of blue clay minimum, dove-tailed into existing
blue clay.

. Temporary Cap-One to two feet of sand, gravel, clay, or mixture.

. Refuse Compaction—Obtained by maximum use of site tractor crossing
deposited refuse.

Construction of the landfill commenced in 1965. By 1967, the shape of the hill and
general cell layout had been determined. The original landfill cell configuration
consisted of eight cells, and is illustrated in Figure 3-3. Cell 9, also shown on the figure,
was not part of the original planned design.

The original layout of the landfill was generally followed. Daily records were not kept to
detail how the construction proceeded. However, in general it was the procedure to
develop cells several acres in size by building side berms, and then filling the cells with
refuse and daily cover. At the completion of each cell, clay covers and side berms would
be constructed for the next level of refuse. The clay covers served as the liners for the
overlying cells, as the landfill construction proceeded upward.

Significant deviations from the original design are known to have occurred. During the
gravel operations which predated landfilling at the site, a drainage ditch had been
excavated between the south end of Silver Lake and Spring Brook. This ditch was later
partly filled with concrete, logs, and brush and is shown as Cell 9 on Figure 3-3. Cell 8 of
the landfill may have been partially constructed over this ditch, but boring logs from
landfill vents drilled within Cell 8 indicate that a clay base liner is not present.
Additionally, the area northeast of the landfill was designated in the original plans as a
non-dumping area. However, refuse was encountered in this area during drilling of vents

SV-5 and SV-9.
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A series of letters written over the period 1965 to 1968 between the FPD and the PWD
also indicate problems in landfill operations. In these letters, the PWD is accused of:

. Instructing public works personnel to disregard FPD instructions and requests;

. Failing to cover refuse at the end of each day;

. Failing to use sufficient fill between individual refuse cells;

. Using sand and gravel for all cover;

. Disregarding design specifications for at least several months in 1968, when the
fill was operated as an open dump.

In May of 1968, the FPD refused to be associated further with the landfill project. In
May of 1969, the FPD was assigned the responsibility of forming the clay bottoms and
side berms prior to filling each cell.

The final load of refuse was accepted at the Blackwell Landfill in October, 1973, and was
buried just below an 800 foot, Mean Sea Level (MSL) elevation in the Cell 4 area. Final
contouring and landscaping continued until July, 1975. Fifty to sixty feet of clay were
added to form the final hilltop at 839 feet, MSL, approximately 150 feet above the
surrounding natural topography. The landfill is covered to final grades with two to
fifteen feet of cover of varying sand, gravel and clay composition, and a final layer of four
to six inches of topsoil, which was vegetated.

The landfill covers approximately 40 acres instead of the initially-designed 35 acres.
Indications are that several additional cells were added around the eight original cells to
bring the total landfill area to the existing 40 acres. These exterior cells were used for
disposing of construction debris and tree trunks and branches. These cells may not have
been constructed with clay liners. Cell 9, located along the southern boundary of the
landfill and illustrated in Figure 3-3, is an example of one of these exterior cells. The
landfill contains approximately 1.5 million cubic yards of refuse and an equal volume of
natural fill.

In summary, a conceptual design was developed for the landfill prior to construction, and
the design was generally followed. However, it was not standard operating procedure at
landfills to produce as-built drawings in the late 1960's when most of the landfill was
constructed.
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3.1.2.3 Wastes Accepted. Approximately 1.5 million gate yards of refuse were disposed
of at the Blackwell Landfill between 1965 and 1973. The waste materials disposed of
have been classified as general household refuse and light industrial waste. Historical
records indicate that the users of the Blackwell landfill were generally municipal waste
haulers and scavenger companies in the DuPage County area. An estimated three to
four tons of refuse per day were disposed of at the landfill

Specific wastes known to have been disposed of at the Blackwell Landfill include the
following. Eight thousand tons of dry sludge from the Metropolitan Sanitary District of
Greater Chicago were disposed of in 1968. Owens-Illinois of St. Charles, Illinois,
disposed of daily trash from their glass manufacturing facility. Kroehler Manufacturing
of Naperville, Illinois, used the landfill for disposal of plant trash of undetermined origin.
Yard waste consisting of burnt tree cuttings and grass clippings was also disposed of in
the landfill.

3.1.2.4 Post-Construction History. In March, 1986, the Site was evaluated by U.S. EPA
using the Hazard Ranking System (HRS). A composite score of 35.57 was assigned, with
the following scores assigned to each potential route: Surface Water, 0.0; Air, 0.0;
Groundwater, 61.54. The Site was proposed for inclusion on the National Priorities List
(NPL) in the Federal Register, Volume 53, Number 122, dated June 24, 1988.

On September 25, 1989, a consent order was signed between the Forest Preserve District
of DuPage County and the U.S. EPA. The Blackwell Landfill received final listing on
the NPL in the Federal Register, Volume 55, Number 35, dated February 21, 1990.

Physical Settin
3.2.1 Regional Topography and Physiography
The Blackwell Landfill NPL Site is located in west-central DuPage County in
northeastern Illinois. The Site is located on the western edge of the Wheaton Morainal
Country in the Great Lakes Section of the Central Lowland Province. The surface
topography of this area is generally due to the repeated glaciations which advanced and
retreated over the region during the Pleistocene Epoch, and bears little resemblance to
the buried bedrock topography. Within DuPage County, the surface topography
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generally slopes from northwest to southeast across the county, with a total relief of
about 245 feet. The most prominent surface features within the area are a series of
concentric moraines which parallel the Lake Michigan shoreline. Other glacially-derived
geomorphic features within the area include outwash plains, kames, eskers, and filled
lake basins.

Surface water drainage within DuPage County is routed mainly to the East and West
Branches of the DuPage River in the central portion of the county. On the east,
drainage is to the Des Plaines River; on the west, drainage is to the Fox River. Flow
within these streams is generally southward, between the morainal ridges.

3.2.1.1 Site Topography. The Site topography is dominated by the landfill itself, which
has a maximum elevation of approximately 840 feet, MSL. The landfill slopes steeply to
the south towards the closed Swim Lake, at an approximate elevation of 690 feet, MSL,
and more gently to the northeast towards Silver Lake, at an approximate elevation of 708
feet, MSL. The topography of the Site is illustrated in Figure 3-4. In addition, a copy of
the base map developed for previous investigations has been included in Appendix F.

The Blackwell Landfill NPL Site is almost entirely bounded by surface water bodies,
including Silver Lake on the east, Spring Brook on the west, and the Swim Lake, Supply
Lake, and West Branch of the DuPage River on the south and southwest The landfill is
located within the Spring Brook watershed of the West Branch of the DuPage River

'';£/ drainage basin. From Spring Brook, surface water drainage is to the West Branch of the
DuPage River, located about 1,500 feet southw'-' of the landfill, ?-A Mltimately to the
Des Plaines River. Although labeled the "Swim Lake", it has not been open for
swimming since 1983.

3.2.1.2 Climate. The Blackwell Landfill NPL Site is located in an area characterized by
a humid, continental climate. Winters are generally moderately cold and dry, and
summers are warm to hot, and humid. The mean annual temperature is 51°F, and
normal monthly mean temperatures range from about 25°F in January to 75°F in July.
The mean annual precipitation is approximately 33 to 34 inches, two-thirds of which falls
between April and September. Mean annual snowfall is 36 inches. Mean annual
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evapotranspiration is is approximately 25 inches, with potential evapotranspiration being
28 inches.

3.2.2 Regional Geology
3.22.1 Glacial Deposits and History. The surficial deposits of northeastern Illinois are
predominantly the result of Wisconsin-age glariation, with minor modification by Recent
alluvial processes. The majority of these deposits are assigned to the Woodfordian
Substage of the Wisconsinan Stage.

During Woodfordian time, ice of the Lake Michigan Lobe of the Wisconsinan glacier
"*"• moved west and south out of the Lake Michigan basin in a series of advances and

retreats. As a result of the repeated pulses of the glacier, a series of till units and end
moraines were deposited over the area, as well as outwash plains and ice contact
deposits. The glacial stratigraphy and history of the Woodfordian Substage have been
reconstructed for much of the region near the Blackwell Landfill. However, the
complexity of the glacial deposits causes difficulty in establishing the relationships
between individual till members in some areas. In general, the moraines represent the
areas of highest topography, rising 30 to 50 feet above the surrounding terrain. In the
intermorainal areas, stratigraphy may be complex, representing a variety of depositional
settings. Deposits which may occur include lodgement tills, ablation tills, lacustrine
deposits, valley train, and sand and gravel outwash deposits.

f^-,
>' 3.2.2.2 Bedrock Geology. The bedrock underlying northeastern Illinois consists of a

'hick sequence -f ^aleozoic sedimentary rocks including carbonates, shales, and
sandstones. DuPage County is located on the northeastern flank of the Kankakee Arch,
a structural feature that separates the Michigan Basin on the east from the Illinois Basin
on the south. Regional dip of the bedrock units is generally east and southeast, at about
10 feet per mile.

In the vicinity of the Blackwell Landfill, the uppermost bedrock is dolomite of Silurian
age, representing the Niagaran Series. The Niagaran Series is composed of three
formations. In order of decreasing age, these are the Joliet Dolomite, Waukesha
Dolomite, and Racine Dolomite. The Joliet Dolomite ranges in lithology from a shaley

I
I
I
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to clean dolomite; the Waukesha is generally silty in character, and the Racine Dolomite
is characterized by reef strata. Underlying the Niagaran Series are the dolomites of the
Silurian Alexandrian Series. Beneath the Silurian rocks, and separating them from the
extensive Ordovician and Cambrian sandstones, limestones, and dolomites, is the
Ordovician Maquoketa Group. The Maquoketa consists largely of shaley dolomites and
shales with dolomite interbeds.

The bedrock surface in the site area exhibits subdued relief, modified by preglacial
stream erosion and subsequent glacial erosion. The resistant Niagaran dolomite forms a
wide cuesta, bounded on the west by the softer Maquoketa outcrop. DuPage County is
located on the eastern backslope of the Niagaran cuesta.

3.2.3 Site Geology
3.2.3.1 Methods of Investigation. A considerable amount of subsurface information is
available regarding the Blackwell Landfill, due to the large number of borings and well
installations which have been performed. A total of SI monitoring wells have been
installed at the site, including 13 which extend into bedrock. Nested wells have been
installed at 12 locations. A summary of the known construction details for the on-site
wells is included in Table 3-1.

I Boring logs are available for each of the monitoring wells installed at the Blackwell
Landfill, as the wells were logged in the field by a professional geologist or field

I &^' engineer. Boring logs for the site wells are contained in Appendix B. Grain size analysis
was performed on several of the samples to provide information of the physical

I characteristics of the individual stratigraphic units. Geologic cross-sections have also
been developed for the site and several are included in Appendix C

I 3.2.3.2 Glacial Stratigraphy. The Wisconsinan glacial deposits present at the Site consist
of tills of the Woodfordian Wedron Formation, and sands and gravels of the Henry

I Formation. The glacial deposits underlying the Site vary considerably in an east to west
direction. This is due to the location of the site at the western edge of the West Chicago

I Moraine, along which the uppermost till unit at the Site, the Yorkville Till Member, was
deposited. Meltwater from the glacier which deposited the till appears to have formed a
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river which flowed north to south along the front of the moraine. Previously deposited
glacial sediments were subsequently dissected and eroded, and redeposited as the Henry
Formation outwash sand and gravel. The stratigraphic relationships between the
different geologic units at the site are illustrated in Figure 3-5. These stratigraphic units
are each discussed in detail below, in order of decreasing age.

The Tiskilwa Till Member of the Wedron Formation is generally described as a pinkish
tan to reddish brown sandy till. At the Site, the Tiskilwa's composition is generally that
of a silt or silty sand, somewhat finer grained in the eastern portions of the Site. Tiskilwa
Till mantles the bedrock beneath the majority of the Site, ranging in thickness from
about 12 feet in the northern part of the Site to less than three feet in the south. In the
eastern portion of the Site, the Tiskilwa is overlain by 40 to 80 feet of till of the Maiden
and Yorkville Members. In the western portion of the Site, between the landfill and the
DuPage River, the Tiskilwa is overlain by up to 40 feet of sand and gravel of the Henry
Formation, or may be absent

The Maiden Till Member of the Wedron Formation is generally described as a silty,
yellow-gray to gray till that is locally sandy and contains discontinuous beds of sand and
gravel. At the Site, the Maiden is bounded at its base by sand and gravel, overlain by
laminated silt. The Maiden thins and disappears in the western portion of the Site.

The Yorkville Till Member of the Wedron Formation is a very clayey gray till. Two units
within the Yorkville have been observed at the Site: a lower basal till, separated from an
overlying ablation till by a thin layer of finely laminated silt, sand, or gravel. The
Yorkville Till Member is the thickest till present at the Site, and is the "blue clay* that
was utilized in landfill construction. On-site, the greatest thicknesses are observed near
Silver Lake. However, the till appears to thin rapidly with distance to the south and west
of the landfill, and is absent at borings G116, G121, G133, and G137.

The Henry Formation generally consists of outwash sands and gravels, with occasional
beds of silt. It is not overlain by till, but occasionally is continuous with sandy deposits
that intertongue with the tills. The Batavia Member of the Henry Formation covers
most of the Blackwell Site, and is as much as 30 to 40 feet thick in the western and
southern portions of the Site.



I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

Work Plan Page 14 of 64
Blackwell Landfill REVISION: Final
DuPage County, Illinois DATE: January 28,1991

3.2.3.3 Bedrock Stratigraphy. The uppermost bedrock at the Site is the Niagaran
dolomite. The dolomite has been described in one core run as being light gray to brown
in color and micritic with moderate to high porosity. The presence of stylolites, silt
partings, and fractures was also noted

The topography of the bedrock surface beneath the site is illustrated in Figure 3-6. As
this figure indicates, the bedrock surface slopes to the north, with a local bedrock high
being present in the southwest portion of the Site. A bedrock valley runs east to west
across the north edge of the site, and a minor tributary valley may extend along the
western edge. Bedrock surface relief across the site is approximately 38 feet.

3.2.4 Regional Hydrogeology
3.2.4.1 Hydrostratigraphy. In northern Illinois, groundwater resources are found within
both the unconsolidated glacial deposits and the underlying bedrock aquifers. Aquifers
in this area which are important sources of groundwater include, in ascending order, the
Cambro-Ordovician aquifers, the Silurian dolomite aquifer, and unconsolidated glacial
aquifers. The Cambro-Ordovician aquifers are essentially isolated from the overlying
aquifers by the Ordovician Maquoketa Shale, which acts as an aquitard. The Silurian
dolomite and the glacial aquifers are considered a single hydrostratigraphic unit on a
regional scale; however, on a local scale they are separate and distinct. The following
paragraphs describe the general characteristics of the significant hydrostratigraphic units
in the Site vicinity.

The Maquoketa Shale aquitard consists of three shale formations and one interbedded
limestone formation. The Maquoketa is considered nonwaterbearing except for
occasional small yields from fractures in the dolomite. An average vertical permeability
of 236 x 10~9 cm/sec has been suggested for the Maquoketa in DuPage County. The
Maquoketa is interpreted as forming a partial barrier to downward leakage into the
deeper Cambro-Ordovician aquifers from the shallower glacial and dolomite aquifers.
The thickness of the Maquoketa in the Site area is thought to be about 100 feet

The Silurian dolomite is the principal aquifer in the Site area. Flow within this aquifer in
DuPage County is generally in a southerly direction toward the West Branch of the
DuPage River. The West Branch of the DuPage River is thought to act as a discharge
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zone for groundwater within the aquifer. This general southerly flow direction is
affected by the presence of pumping centers, where municipal wells withdraw large
amounts of water from the aquifer. The area northeast of the Site is thought to be a
recharge area for the dolomite aquifer, where it is overlain by permeable sand and gravel
outwash deposits.

Numerous domestic and municipal wells are completed in this aquifer in the site vicinity.
Among these wells are Warrenville municipal wells, located within two miles of the Site.
Private wells which have been identified in the immediate site vicinity are illustrated in
Figure 3-7. The majority of these wells are thought to be completed in the Niagaran
dolomite.

About 68% of the groundwater pumped in DuPage County is obtained from the Silurian
dolomite aquifer. The dolomite is generally about 100 to 200 feet thick in the county.
While some wells have been developed in the basal layers of the Alexandrian Series, the
Niagaran provides the major water-bearing zones within the aquifer. Primary porosity
contributes little to the aquifer's water-yielding capabilities; secondary permeability in
fractures and joints provides the greater control on well yields. Well yields vary from
place to place, and are dependent on the size and interconnection of fractures.
Generally high yields, and the relative uniformity of the piezometric surface in this
aquifer indicate that these secondary openings are generally well-connected.

Specific capacity values for shallow dolomite wells in northeastern Illinois have been
reported in the range of 0.1 to 500gpm/ft In DuPage County, a transmissivity of 61,000
gpd/ft, and a storativity of 2.5 x 10"̂  have been reported from a pumping test in
Wheaton near the Blackwell site. At Argonne National Laboratory in the southeastern
part of the county, a transmissivity of 44,000 gpd/ft and a storativity of 9 x 10"̂  were
reported. Interference was noted in wells more than one-half mile apart, indicating that
water-yielding openings extend for large distances. The overall specific yield of the
dolomite aquifer in DuPage County has been calculated to be 0.017, with greater yields
noted where the dolomite is overlain by sand and gravel deposits. The bedrock
topography is also thought to exert considerable control on well yield, as the weathered
surface enhances permeability.
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Only about 2 percent of the groundwater pumpage in DuPage County is derived from the
glacial aquifers. These aquifers generally consist of outwash sands and gravels. The
glacial aquifers are considered a major recharge source for the underlying dolomite
aquifer, and represent shallow, localized flow systems.

Specific capacity values of wells completed in the sand and gravel aquifers in DuPage
County have been reported in the range of 1.0 to 4.7 gpm/ft Hydraulic conductivities
are expected to be in the range of 1 x 10-5 to 1 x !Qr3 cm/sec, or greater.

The till units associated with the glacial drift aquifers act as aquitards, limiting
^ groundwater flow into the underlying dolomite. Clayey tills in Illinois are known to have

hydraulic conductivities in the range of 1 x 10"9 cm/sec to 1 x 10"? cm/sec, while tills
with less clay may have permeabilities a few orders of magnitude greater. It has been
demonstrated that the field hydraulic conductivity of tills may be as much as three orders
of magnitude greater than laboratory-determined permeabilities.

3.2.4.2 Water Quality. Water quality within the dolomite aquifer in the vicinity of the
Site is described as very hard, with a high iron content. The water is considered a
calcium-bicarbonate type water. Basic water quality of the dolomite aquifer in DuPage
County is summarized in Table 3-2.

,^ Regional water quality within the glacial drift aquifers is similar to that in the shallow
^ dolomite. Table 3-3 summarizes information regarding water quality within the glacial

drift aquifers in DuPage County.

3.2.5 Site Hydrogeology

Hydrogeologic properties of the geologic units at the Blackwell site have been evaluated
by both laboratory and in-situ methods. Permeability values for the aquifers and till
units were estimated by permeameter in the laboratory and by bail tests and pumping
tests in the field. The results of both methods are summarized below.

3.2.5.1 Laboratory Methods of Investigation. Split-spoon samples from each
unconsolidated unit present at the Site have been analyzed in the laboratory for total
porosity and permeability.
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Total porosity was calculated for the coarser units by the following method. Samples
were first weighed dry, and then saturated. Following saturation, the samples were
reweighed, and total porosity was calculated. Porosities of 21 to 23 percent were
determined for the sand and gravel samples; a porosity of about 30% was calculated for
the silt samples.

Falling head permeability tests were performed on disturbed samples of the non-clay
deposits found at the Site. A Soiltest K-605 falling bead permeameter was used to
determine permeabilities. The permeabilities calculated by this method are considered
only rough approximations of true field permeabilities, due to the disturbed nature of the
samples, and the inability of small samples to reflect large-scale influences on
permeability. However, general comparisons of permeability between units can be
made.

Ranges in permeability values determined by permeameter testing for each geologic unit
are as follows:

. Yprkville Member: 2.0 x 10"6 cm/sec (silty sand)

. Tiskilwa Member: 4.7 x 10~5 cm/sec (very fine sandy silt) to
I 1.5 x ID"6 cm/sec (silty sand/silty clay)
* . Maiden Member: 3.3 x 10*2 cm/sec to 1.3 x 10~2 cm/sec (coarse sand and

gravel)

I -s . Henry Formation: 4.7 x 10"2 cm/sec (fine to coarse sand and gravel) to 3.4 x
cm/sec (medium to coarse and and gravel)

1
1

I

1

1

I

I

I

I

I

Results obtained for the Maiden Member are not considered representative of the entire
unit, because much of the unit is more clay-rich than the sample tested. Also, it was not
possible to perform permeameter testing on the clay-rich portions of the Yorkville.
Therefore, the permeability value calculated by the permeameter is not representative of
the unit as a whole.

3.2.5.2 Field Methods of Investigation. Fifty-one monitoring wells have been installed at
the Blackwell Landfill in order to provide information on hydraulic head distribution,
gradients, and groundwater quality. Thirteen of these wells extend into the dolomite
bedrock aquifer beneath the Site. Nested well installations have been performed at 12
locations. Table 3-1 summarizes the construction details for the on-site monitoring wells,
including the litbology of the screened interval. Not all information is known for all of
the wells; these areas have been left blank in the table.
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Pumping tests have been conducted at 27 monitoring wells at the Blackwell Landfill.
These tests consisted of single well tests and multiple observation well tests. Generally,
the single well testing was in the form of bail-down testing on dolomite and till
monitoring wells, where hydraulic conductivities were too low to permit continuous
pumping. Single well continuous pumping tests were performed on the Henry
Formation, Tiskilwa Till, and some dolomite wells. Pumping tests utilizing multiple
observations wells yielded results predominantly for the Henry Formation.

Bail-down tests were analyzed by methods designed by Hvorslev and Nguyen and Finder;
the Theis method was utilized to analyze data from the single well tests where
continuous pumping was performed. The Jacob straight-line method was employed to
analyze data obtained from the tests involving multiple observation wells.

The pumping test results are summarized in Table 3-4. A summary of hydraulic
conductivity value ranges obtained for each geologic unit is presented in Table 3-5. The
results of permeability testing indicate that the most permeable unit present at the Site is
the Henry Formation, an outwash sand and gravel. However, the values obtained for the
Henry Formation are quite variable, ranging over several orders of magnitude. The
dolomite permeability is also quite heterogeneous, being controlled mainly by the
presence or absence of fractures. The Tiskilwa Till has generally low permeability, but it
is not as impermeable as the Yorkville Member. The Tiskilwa is considered to form a
leaky aquitard in the site area.

3.2.5.3 Hydrostratigraphic Units. Four major hydrostratigraphic units have been
identified at the Blackwell Landfill NPL Site. These units are, in ascending order, the
Silurian dolomite aquifer, the Tiskilwa Till leaky aquitard, the combined
Malden/Yorkville Till aquitard, and the Henry Formation outwash sand and gravel
aquifer. The groundwater flow system at the site is controlled by the three-dimensional
geometry of these units, and their interaction with the surface water bodies which
virtually surround the Site.

Henry Formation outwash deposits at one time covered the majority of the Site.
However, the gravel mining operations in the Site area have removed most of these
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materials from the high-standing area east of the landfill. In this area, sand and gravel
extends only a few feet below the water table, at most The major outwash sand and
gravel aquifer, which exists under unconfined conditions at the Site, is located to the
south and west of the landfill. The thickness of this aquifer varies from less than ten feet
near the edge of the landfill, to greater than 30 feet near Spring Brook. Regional
information suggests that the aquifer extends to the West Branch of the DuPage River in
the south. The saturated thickness of this aquifer varies several feet, depending on the
water table elevation.

While the top and bottom of the outwash aquifer are easily mapped across the site, there
is considerable lithologic variability within the unit itself. Lenses and beds within the
aquifer are commonly less than three feet thick, and cannot be traced laterally. Thin
layers, marked by one to four inch silt beds are common near the landfill itself;
individual layers thicken where the outwash is thicker as a whole.

The till units present at the site, the Tiskilwa Till and the combined Malden/Yorkville
Tills, act as aquitards in the site area. The Maiden and Yorkville Tills form a wedge
which is thickest in the east near Silver Lake, and thins and disappears to the south and
west of the landfill. As the hydraulic conductivities of these tills are very low, they
exclude the outwash aquifer from the east and form a barrier to groundwater flow
between Silver Lake and the outwash.

Two zones of higher horizontal permeability have been noted within the till units. One
of these is a sand layer one to four inches thick which exists an an approximate elevation
of 670 feet, MSL, at the boundary between the Yorkville and Maiden Till units. Another
thin silty sandy layer is located within the Yorkville Till unit at an elevation of about 680
feet, MSL. Most of the monitoring wells on the north, east, and southeast side of the
landfill are screened within one or both of these zones of enhanced permeability. Tests
have shown that the hydraulic conductivities of these sandy layers are on the order of
10"4 cm/sec.

TLe lower aquifer at the site consists of the Silurian Niagaran dolomite. This aquifer
completely underlies the site. The surface of the aquifer slopes broadly from south to
north, and is characterized by a subdued topography which may influence permeability.
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While the matrix permeability of the aquifer is low, joints and fractures developed in the
upper portion of provide a high degree of secondary permeability.

The Tiskilwa Till forms a leaky aquitard over the dolomite aquifer at the Site. The
Tiskilwa is present over most of the site, but may be absent in some areas in the west and
southwest The Tiskilwa is thickest in the north (12 feet at borings G120 and G136) and
thinnest in the southwest (less than three feet at borings G116 and G131). In the east, a
similar north-south thinning is apparent, between borings G132 and G134. Areas of the
site in which the occurrence of the Tiskilwa or other confining units is questionable are
illustrated in Figure 3-8.

3.2.5.4 Groundwater Flow System. The Blackwell Landfill NPL Site is almost entirely
surrounded by surface water bodies. These surface water bodies are in continuity with
the groundwater flow system, and serve as boundaries to it. These surface water bodies
include Silver Lake on the east, Spring Brook on the west, and the Swim Lake, Supply
Lake, and West Branch of the DuPage River on the south and southwest. This has been
shown by the similarity in surface water and groundwater levels measured at monitoring
wells and staff gages. Findings are documented in Appendix D.

There are two distinct hydrogeologic flow regimes in the upper zone at the site. East of
the landfill, the water table is found in the till units which rise above 700 feet msl. To the
west of the landfill, the till is much thinner falling below 690 feet msl. Here, the water
table is found in the outwash which overlies the till. Figure 3-9 is a map of the upper
surface of the till.

The primary groundwater flow in the outwash is from northwest to southeast, along the
West Branch of the DuPage River, in the outwash sand and gravel deposits. The primary
flow in the till mound is from Silver Lake in the Northeast, to the southwest toward the
outwash aquifer. It is likely that the primary groundwater flow beneath the landfill
occurs in the sandy layers within the till. However the total volume of groundwater
flowing east to west beneath the landfill is much less than the volume of flow in the
outwash along the river valley.



I

I

I

I

I

I

I

I

I

I

I

1

I

I

I

I

Work Plan Page 21 of 64
BlackweU Landfill REVISION: Final
DuPage County, Illinois DATE: January 28,1991

Figure 3-10 illustrates groundwater flow within the upper (outwash) aquifer at the Site.
As is shown in this figure, water table elevations range between approximately 706 and
693 feet, MSL. The principal groundwater flow direction in the upper aquifer is in a
southwesterly direction, from Silver Lake toward the smaller lakes, Spring Brook, and
the West Branch of the DuPage River.

While the principal flow direction is in a southwesterly direction, the existence of the
Yorkville Till above the water table forms a hydraulic barrier which limits the
groundwater flow between Silver Lake and the outwash aquifer. The steep water table
gradient across the till mound, illustrated in Figure 3-10, confirms the presence of the
mound as a barrier to flow. However, some flow probably does occur through sandy
layers in the till. The trench excavated between Silver Lake and Spring Brook during
gravel mining operations may also acts as a higher permeability groundwater pathway.

Water levels in the monitoring wells do not provide evidence of a groundwater mound
which could be resulting from leachate leakage. In general, the groundwater levels are
lower the further to the southwest one goes from Silver Lake. Monitoring wells located
between Silver Lake and the landfill have water levels which are lower than the lake
Level so these do not indicate mounding. Contour lines representing water levels on the
downgradient side of the landfill are relatively linear and do not curve to follow the
outline of the landfill. Consequently these levels do not indicate mounding either. It is
possible that mounding does occur directly beneath the landfill, but there are no water
level measuring devices beneath the landfill to provide such data.

Prior to urbanization, Spring Brook was probably an effluent or gaining stream, acting as
a discharge area for the upper aquifer. However, flow within the stream is currently
enhanced by the discharge of sanitary effluent upstream, causing the stream to
contribute flow to the groundwater system near the landfill. This flow is thought to be
insufficient to create a boundary mound, but does contribute to elevated levels of
dissolved solids within the aquifer.
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The potentiometric surface within the lower (dolomite) aquifer slopes from east to west
across the site, as illustrated in Figure 3-11. The gradient shown by the potentiometric
surface in the eastern part of the site is thought to reflect regional, not site, controls.
However, in the western portion of the site, the flattening of the gradient is thought to be
attributable to site-specific conditions. These conditions include higher permeability
within the dolomite and leakage from the outwash aquifer through the Tiskilwa Till. In
this area of the site the Tiskilwa Till is thin or may be absent; where it does exist, it
consists predominantly of silt

A downward gradient is ubiquitous at the Site between the upper outwash aquifer and
the lower dolomite aquifer. Measurements of vertical head differences indicate that the
strongest gradient is across the Yorkville Till confining unit in the eastern portion of the
Site. A weaker gradient is present in the western portion of the site where the water
table is lower and the Tiskilwa Till is thin, indicating a greater hydraulic connection
between the two aquifers.

3.2.5.5 Landfill Leachate Effects. At the present time, there are 24 leachate head wells
at the Blackwell Site. These wells were constructed by drilling into the landfill itself. The
existing 24 wells have been constructed since landfill closure primarily to allow methane
gas to vent from the landfill. They were labeled SV for shallow vent and DV for deep
vent. They were constructed of 4-inch ID PVC materials and screened along their entire
length. Besides providing an avenue for gas to escape, they have been used to measure
leachate levels, collect leachate samples, and extract leachate for disposal. For clarity of
discussion, these landfill wells will be referred to as leachate head wells.

Data obtained from the 24 existing leachate head wells indicate that the leachate levels
within the landfill form a mound with a peak elevation above 750 feet, MSL. This
elevation is significantly higher than the water table elevation beneath the landfill, which
has been estimated at 690 to 708 feet, MSL The degree of connection between the
leachate mound and the underlying water table is not known. Based on the known
construction of the landfill, e.g., disposal of refuse in cells and lifts bounded by clay, it is
possible that some leachate zones are perched or hydraulically isolated. If there were no



I
I

I
I
I

Work Plan Page 23 of 64
Blackwell Landfill REVISION: Final
DuPage County, Illinois DATE: January 28,1991

liner to impede the leakage of leachate, it is unlikely that leachate levels would be found
20 to 40 feet above the underlying groundwater table. Therefore, it is apparent that the
liner beneath the site is sufficiently retardative to hold up the leachate mound.

Leachate has been extracted on several occasions from the Blackwell Site. The following
table summarizes the leachate removal history. After removal, the leachate was shipped
to Waste Management Inc/s CID facility in Calumet City, Illinois, for treatment and
disposal.

DATE
4/5/88
4/19/88
5/31/90
5/31/90
6/1/90
6/1/90
6/7/90
6/7/90
6/18/90
6/18/90

VOLUME
4,500 gallons
5,000 gallons
5,000 gallons
5,000 gallons
5,000 gallons
5,000 gallons
4,500 gallons
4,500 gallons
4,500 gallons
4,500 gallons

LOCATION
MH20
MH20
MH5
MH5
MH5
MH5
MH5
MH20
MH5
MH20

Total 47,500 gallons

33 Nature and Extent of Contamination
3.3.1 Summary of Existing Site Analytical Data
3.3.1.1 Leachate Data. Twenty-four leacbate head wells have been installed at the
Blackwell Landfill. The locations of these leachate head wells are illustrated in Figure 3-
4. These head wells were sampled in 1984 and 1985, and the samples obtained were
analyzed for metals, semi-volatile organic compounds, and volatile organic compounds
(VOCs). Table 3-6 provides a summary of the available leachate analytical data.

The most commonly detected VOCs in samples obtained from the vents are similar to
those that have been detected in the shallow groundwater at the Site. These compounds
include 1,1-dichloroethane, 1,2-dichloroethane, tetrachloroethylene, cis-1,2-
dichloroethylene, trans-l,2-dichloroethylene, benzene, ethylbenzene, toluene, and

xylene.
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Analyses for semi-volatile organic compounds were only performed on samples from
head wells SV-5 and DV-5. No semi-volatiles were detected in SV-5. In DV-5, however,
naphthalene, diethylphthalate, and 1,4-dichlorobenzene were detected. Total dissolved
solids concentrations measured in the leachate vents exceed 5000 ppm in some cases.

3.3.1.2 Leachate Level Data. The leachate generation and leakage rate have been
calculated for the landfill using water balance methods and level change methods). It
has been estimated that on the order of approximately 2,200 cubic feet per day of
leachate is leaking from the landfill (See Appendix E).

33.1.3 Leachate Vent Air Data. In 1984, leachate vent air quality data was collected at
vents DV-1 and DV-6. Vent DV-1 is located at the highest part of the landfill, and DV-6
is located on the eastern slope of the hillside, as illustrated in Figure 3-4. Charcoal tubes
were used to collect air samples.

Generally, concentrations of VOCs were higher at DV-1 than at DV-6. Toluene,
ethylbenzene, and 1,2-dichloroethane were detected at levels ranging from two to ten
parts per million (ppm) on a dry volume basis. Benzene, chlorobenzene, 1,2-
dichloroethylene, trichloroethylene, and vinyl chloride were detected at lesser
concentrations.

3.3.1.4 Groundwater Data. A total of 21 different VOCs have been detected in
groundwater at Blackwell Landfill during its monitoring history. These 21 VOCs are
listed in Table 3-7.

Of these 21 compounds, the five which have been most commonly detected are 1,1-
dichloroethane, 1,2-dichloroethane, cis-l,2-dichloroethylene, trans-l,2-dichloroethylene,
and trichloroethylene. The distribution of these compounds within the aquifers present
beneath the site are discussed in detail in the section below titled, "Concentration and
Distribution of VQCs".

3.3.1.5 Private Well Data. Several private wells in the vicinity of the Site have been
sampled and analyzed for VOCs. These wells are located both on-site and off-site, and
in upgradient and downgradient positions with respect to the Site.
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VOCs that have been detected in the private wells include chloroform, 1,2-
dichloropropane, 1,1,1-trichloroethane, dichlorobromomethane, dibromochloromethane,
bromoform, cis-l,2-dichloroethylene, trichloroethylene, vinyl chloride, 1,1-
dichloroethane, trans-l,2-dichloroethylene, 1,2-dichloroethane, and xylenes. Existing
data is insufficient to identify the source or sources of these results. A purpose of the RI
will be to determine if the landfill is a source, and has affected groundwater quality off
site.

In November, 1984, chloroform and 1,2-dichloropropane were detected in the Denny's
Den well, located off-site in an upgradient position. VOCs have not been detected in the
well since that time.

In May, 1985, 1,1,1-trichloroethane was detected just above the detection limit in the
campground well. The campground well is located upgradient of the site, on the east
side of Silver Lake. A follow-up sample obtained in June of 1987 contained no
detectable VOCs.

The picnic well, located west of Silver Lake but upgradient of the landfill, was sampled
in June of 1987. Compounds detected included trihalomethanes, chloroform,
dichlorobromomethane, dibromochloromethane, and bromoform. The trihalomethanes,
generally attributed to recent chlorination and inadequate purging of the well, were not
detected during a follow-up sampling event

A well, located near Swim Lake downgradient of the landfill, has historically contained
cis-l,2-dichloroethylene, trichloroethylene, vinyl chloride, and 1,1-dichloroethane. This
well has been taken out of service.

Two private wells, one shallow and one deep, are located at the Cenacle southwest of the
site across Spring Brook. These wells have exhibited detectable levels of 1,1-
dichloroethane, cis-l,2-dichloroethylene, trans-l,2-dichloroethylene, 1,1,1-
trichloroethane, and trichloroethylene. In addition to these compounds, the deep well
has contained 1,2-dichloroethane and xylenes. Neither of the Cenacle wells is currently
used as a source of drinking water.
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3.3.1.6 Surface Water Data. Surface water analytical data has been collected at the
Blackwell Landfill since 1983. Since 1983,16 locations have been sampled and analyzed
for VOCs, semi-volatile organic compounds, metals, and indicator parameters.

Spring Brook has historically shown the presence of trihalomethanes, which can probably
be attributed to chlorination of the Wheaton Wastewater Treatment Plant, located
upstream of the Site. At the Cenacle and further downstream, 1,1,1-trichloroethane and
tetrachloroethylene have been detected. Spring Brook has exhibited total dissolved
solids concentrations in the range of 1,000 to 1,500 ppm, attributed to the sewage
treatment effluent released from the upstream treatment plant

While the Swim Lake has shown sporadic detections of 1,1-dichloroethane, cis-1,2-
dichloroethylene, and 1,1,1-trichloroe thane, these detections were made under unusual
circumstances, e.g., sampling of surface water under the ice cover during the winter.

VOCs have not been detected in Silver Lake, Supply Lake, and the West Branch of the
DuPage River.

33.1.7 Sediment Data
Decane was tentatively identified in the sediments of Spring Brook both upgradient and
downgradient of the Site during a sampling event in 1986. Concentrations in the range
of 1 to 1.4 ug/g were tentatively estimated, based on the response of the internal
standard 1,4-dichlorobutane. Decane is a constituent of petroleum products, and is
common in the environment.

3.3.2 Distribution of Contaminants in Site Aquifers
3.3.2.1 Concentration and Distribution of VOCs. Sampling and analysis for VOCs was
first performed at the Blackwell landfill in 1983, and continued until December of 1989.
Sampling was performed for 31 priority and two non-priority organic pollutants. During
the course of monitoring for VOCs at the site, a total of 21 different compounds have
been detected at different times. These compounds are listed in Table 3-7.

Five compounds have been most commonly detected at the Blackwell Landfill. These
compounds are:
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. 1,2-Dichloroethane (1,2-DCA)

. 1,1-Dichloroethane (1,1-DCA)

. 1,2-Cis-Dichloroethylene (1,2-C-DCE)

. 1,2-Trans-Dichloroethylene (1,2-T-DCE)

. Trichloroethylene (TCE)

Table 3-8 summarizes the historical occurrence of these compounds in selected
monitoring wells located downgradient of the landfill. An additional compound, 1,2-
Dichloropropane (1,2-DCP) is also included in this table, because it was the compound
detected in monitoring well G-128S which was used by the U.S. EPA to calculate the
Hazard Ranking Score for the Site. This compound is not consistently found at high
concentrations at the site. Table 3-8 also presents averages and standard deviations for
each compound at each well. The monitoring wells chosen to represent the
downgradient water quality data are: G-109, G-110, G-lll, G-112, G-117, G-118S, G-
122, G-127, G-128S, G-128D, G-131DD, and G-133DD.

Groundwater quality at the Site can best be presented by separating these wells into four
groups, and discussing VOC occurrence within each group. The four groups are:

1) The well showing greatest impact from the landfill (G-118S).
2) A series of wells located along the southwest (downgradient) toe of the landfill

(G-109, G-110, G-lll, G-112, G-113, G-127).
3) A series of wells located about 200 feet downgradient of the landfill in the

upper outwash aquifer (G-117, G-122, G-128S).
4) Three wells screened in the dolomite aquifer downgradient of the site (G-128D,

G-131DD, G-133DD).

Monitoring Well G-118S is located along the western side of the landfill, near the toe of
the slope. This well has historically shown the highest concentrations of VOCs at the
landfill. There have been significant seasonal trends within the data collected at this
well. However, a consistent downward trend in VOC concentrations is apparent.

Monitoring Wells G-109. G-110. G-lll. G-112. G-113 and G-127 were among the first
monitoring wells constructed at the Blackwell Landfill. These wells are located along
the southwest border of the landfill. During 1983 and 1984, these wells exhibited highly
variable VOC concentrations. However, between 1987 and the present time, VOC
concentrations have stabilized and are generally decreasing. Total VOCs concentrations
are currently in the range of 20 to 100 ug/1.
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3.4 History of Response Actions
I Num-rous investigations of the Blackwell Landfill have been performed since

construction began in the 1960's, in response to various conditions and concerns. Table

1 3-9 summarizes these investigations. Details regarding individual investigations and
activities are presented below.

1

I

Monitoring Wells G-117. G-122 and G-128S represent the second tier of monitoring
wells located approximately 200 feet downgradient of the toe of the landfill. VOC
concentrations in these wells are significantly lower than those found in the wells in
closer proximity to the landfill. Monitoring well G-117 indicates the presence of only
two VOCs. Total VOC concentrations are currently in the range of 5 to 20 ug/1. The
general trend is toward decreasing VOC concentrations, similar to the behavior noted in
other site monitoring wells.

Monitoring Wells G-128D. G-131DD. and G-133DD are screened in the dolomite
aquifer. These wells have shown persistent low level VOC concentrations. Of these
three wells, G-128D is located closest to the landfill, approximately 200 feet directly west
of the landfill toe. At this location, high concentrations of VOCs were initially detected.
Since that time, concentrations have varied between the detection limit and
approximately 10 ug/L Monitoring wells G-131DD and G-133DD are located about 700
to 1000 feet from the toe of the landfill. In these wells, VOCs have been consistently
below 5 ug/1. Concentrations generally show decreasing trends with time.

33.2.2 Summary of VOC Occurrence. There is evidence of VOC contamination within
the upper outwash aquifer within 200 feet of the landfill. Although monitoring wells
located in close proximity to the landfill have shown elevated concentrations of VOCs,
these values have not significantly increased since sensitive analyses were initiated in
1983, and are now generally decreasing. The monitoring wells located further
downgradient exhibit lesser concentrations, which also follow a trend toward declining
concentrations.

While VOCs have been detected within the dolomite aquifer at the site, it has not been
conclusively demonstrated that the landfill is the sole source of these contaminants. In
any case, the concentrations are quite low, and have been decreasing with time.
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Monitoring wells were first installed at the Blackwell Landfill NPL Site in the early
1970's under a grant from the Illinois Institute for Environmental Quality [later the
Illinois Environmental Protection Agency (IEPA)]. At that time, ten monitoring wells
were installed; two in the landfill and eight around the perimeter of the fill. Laboratory
analysis of samples from these wells did not begin until 1980.

In 1980, the consulting firm SMC Martin conducted an unpublished environmental
evaluation of the Site for the U.S. EPA. Draft results contained in that report suggested
that infiltration into the landfill would produce 180,000 gallons of leachate annually; the
resultant groundwater mound would be radially distributed and join the regional
gradient to the southwest; flow paths would be short with negligible attenuation;
significant dilution of contaminants would occur as they discharged to the West Branch
of the Dupage River or the dolomite aquifer.

Eldredge Engineering, retained by the FPD to evaluate the SMC Martin report, made
several criticisms. These criticisms included: the monitoring wells were not capable of
providing representative samples; infiltration and leachate production had been
overestimated; attenuation and chemical interactions within the fill had not been
considered; the groundwater mound resulted from capillary attractions and the ability of
the more absorbent refuse to retain water around the surrounding soils.

Also in 1980, brown leachate seeps were observed around the landfill. Eldredge
Engineering contracted with Testing Service Corporation to construct 12 new monitoring
wells for additional monitoring, five of which extended into bedrock. Additionally,
landscaping of the landfill surface was performed to control runoff.

In the spring of 1982, 16 leachate headwells/gas vents and three additional perimeter
monitoring wells were installed. These were installed due to the continuation of
leachate seeps despite the landscaping measures performed previously. The FPD
suspected that natural gas accumulation within the fill was expelling liquid and causing
fissures which permitted increased infiltration. Additional landscaping was also
performed at this time.
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In the spring of 1983, the FPD allocated funds for quarterly sampling and analysis of
organic and inorganic parameters. During the course of this monitoring in 1983, volatileI
organic compounds (VOCs) were detected in wells located south and west of the hill.

I Additional monitoring wells were installed, and the Swim Lake was closed although no
contaminants had been detected in surface water samples collected from the Swim Lake

I prior to that time.

In September of 1984, Dan Raviv and Associates (Raviv) was retained by the FPD to
assess the potential impact of the VOCs, and to make recommendations regarding
further use of the swimming beach. Conclusions reached by Raviv included the

I ,i following:

I . The landfill was the source of the VOC contamination;

. Summing all detected VOCs into one parameter, Total Volatiles (TVs) allowed

I the recognition of a generally decreasing pollutant trend between December,
1983, and September, 1984;

• . The landfill contained approximately 50 million gallons of leachate;

. While no immediate threat existed regarding contamination of the dolomite
• aquifer or surface water, the potential did exist

Raviv recommended continued monitoring for VOCs and the development of a

I '^vh groundwater model.
î-1"'

In 1986, an additional study of the Site was conducted by Booth and Vagt (Appendix D).
I Conclusions resulting from this study included:

I . The landfill leaked leachate as a result of the combination of an unfavorable
geologic setting and non-compliance with design, construction, and operational
specifications;

I . The landfill had adversely affected groundwater quality within the glacial aquifer
underlying the site; however, the contamination had not migrated off-site in the

I glacial aquifer;

. VOC concentrations within the glacial aquifer were not increasing and might be
declining;

• . Results regarding impacts on the deeper dolomite aquifer were inconclusive.

I

I
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Quarterly monitoring at site monitoring wells was continued through December 1989.

3.5 Identification of Potential Receptors
The HRS indicated that the potential migration pathway of concern was groundwater.
Therefore, the primary receptors of concern are the users of groundwater downgradient
of the landfill. Copies of available water supply well records have been obtained from
the ISGS and ISWS for all wells in the nine sections which include and surround the
landfill. The wells in closest proximity to the site in all directions have been plotted on
Figure 3-7.
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SECTION 4
SITE INVESTIGATION

4.1 Introduction

The Guidance for Conducting Investigations and Feasibility Studies Under CERCLA,
Interim Final, EPA/540/G-89/004, (October 1988) suggests the following sequence for
conducting the field investigations at a CERCLA Site.

1. Investigate Site Physical Characteristics

2. Define Sources of Contamination

3. Determine the Nature and Extent of Contamination

4. Assure that Sufficient Information has been gathered to: a) quantify risk to
public health and environment (Endangerment Assessment), and b) develop
and evaluate viable remedial alternatives (Feasibility Study).

The results of previous investigations and the response actions which have been
completed are compiled in Section 3 of this document. In large part, they constitute a
Physical Characterization of the Site. The work which has been completed at the site
includes: site mapping, geologic characterization, groundwater assessment, evaluation of

contaminant sources, and preliminary identification of downgradient water supply wells.

The following tasks have been developed to: (1) complete the investigation of the site
physical characteristics, (2) identify and quantify contaminant sources and (3) quantify

the nature and extent of contamination:

Task 1 Confining Layer Mapping
Task 2 Soil Sampling
Task 3 Water Level Measurements
Task 4 Surface Water/Sediment Sampling
Task 5 Monitoring Well Construction
Task 6 Groundwater Sampling at Site Monitoring Wells
Task 7 Aquifer Tests
Task 8 Meteorological Data Collection
Task 9 Groundwater Sampling, Water Supply Wells
Task 10 Biological Assessment
Task 11 Leachate Level Measurement
Task 12 Landfill Leachate Sampling
Task 13 Landfill Gas Sampling
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Following completion of these tasks, the data which has been compiled and collected will
be evaluated to assure that the quality (e.g. QA/QC procedures have been followed) and
quantity of data is adequate to quantify the risk to public health and environment
(conduct the Endangerment Assessment) and develop and evaluate viable remedial
alternatives (complete the Feasibility Study). If these activities do not develop data
capable of meeting the objectives of the RI and some additional data gaps remain it may
be necessary to develop a scope of work for a Phase n supplemental investigation.

The Field Sampling Plan (FSP) which is submitted with the Work Plan, provides a
detailed technical description of how each field task will be conducted.

4.2 Nature and Extent of Contamination
The purpose of the tasks listed below will be to define the nature and extent of
contamination, and also to collect additional information to complete the
characterization of the physical properties and conditions of the site.

4.2.1 Surface Features
Large scale topographic maps have been developed for the site within the Forest
Preserve District for land use planning. These indicate the locations, dimensions, and
interrelationships of many of the significant surface features including the landfill, Silver
Lake, the Swim Lake, the Supply Lake, Spring Brook, the on-site water supply wells, the
monitoring wells and leachate headwells/gas vents, and the engineered structures
including roads, fences and buildings. A large scale contour map is included as Appendix
F and a smaller scale one is included as Figure "* *

Aerial photographs are also available for many years in the past. Recent aerial
photographs have been obtained and are being used to update the maps which show
residences surrounding the site.

4.2.1.1 Investigation Required. Much of the required information for this subtask has
already been compiled as a part of developing these planning documents. However, the
process will be continued throughout the RI/FS, as additional data is developed, and
additional needs are identified. For example, a major effort has been made to identify
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all potentially affected water supply wells within and surrounding the site; these have
been plotted on Figure 3-7. As the investigation continues, more water supply wells may
be discovered, or the understanding of the site impacts may result in the plotting of
additional wells.

4.2.2 Regional and Local Geology
The regional geology has been extensively documented by both the ISGS and the ISWS.
Geologic cross sections and maps have been developed in several of the previous site
investigations conducted at the site. From these, the depth to bedrock has been mapped
across the entire site and the sequence and thickness of each of the geologic units has
been determined. Boring logs are available for each of the more than 50 soil borings
made on the site, and grain size analysis has been conducted on several of the samples,
to document the physical properties of the various geologic units.

In the eastern half of the site, a deposit of glacial till 30 to 60 feet thick overlies the
bedrock aquifer, separating it from the landfill and from potential contamination in the
upper aquifer. However, the till thickness decreases from east to west beneath the
landfill. Soil borings conducted at the western property boundary indicate that the sand
and gravel upper aquifer may be directly overlying the bedrock aquifer. Water level
differences in nested monitoring wells indicate that there is a significant downward
vertical gradient between the upper aquifer and lower aquifer.

The groundwater monitoring data indicates that groundwater contamination does exist in
the upper aqu~-- extending several hundred feet downgradient (west and southwest)
from the landfill. Apparently the contaminants in the upper aquifer are attenuated,
dispersed, or both, before groundwater reaches the property boundary approximately
1000 feet downgradient (see Appendix D for data and evaluation). However, the site
soil borings also indicate that the clay confining layer between the upper and lower
aquifer thins out and ceases to exist at some distance west of the landfill. If the clay
confining layer does not exist in the zone of documented contamination in the upper
aquifer (Figure 3-8), there may be a Vindow" through which contaminated groundwater
could be migrating from the upper to the lower aquifers. Auger probes will be used
(Task 1) to identify the edge of the till confining layer, and to provide information for
well nest locations. Two well nests will be constructed (Task 5) outside of the limit of
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the clay confining layer to assess potential groundwater contamination. Each well nest
will consist of two wells; one will be screened in the upper outwash aquifer, and one will
be screened at the top of the dolomite bedrock.

4.2.2.1 Investigation Required. It is important to document the existence or lack of the
clay confining layer in the potential "window" area west of the landfill. A series of cased
auger probes will be made in the zone indicated on Figure 4-1. Probes will be cased to
minimize the potential of cross contamination between aquifers.

4.2.2.2 Task 1 - Confining Layer Mapping. Three steps will be followed to map the
existence of the clay confining layer: 1) geophysics will be used to determine the depth
to the top of the clay layer, 2) several auger probes will be used to "ground truth" the
geophysics results, and 3) monitoring wells will be installed (Task 5).

Recent advances in reflection seismology allow the mapping of thin stratigraphic layers
below ground. A reflection seismic profile will be conducted in the zone of known upper
aquifer contamination to map the depth and thickness of the clay layer. The survey will
extend from G-107 south of the landfill to G-115 west of the landfill, both locations
where the clay layer has been identified in boring logs. Figure 4-1 shows the proposed
survey area.

On the basis of the geophysics, several auger probes will be performed to confirm the
existence and thickness of the confining layer. Either hollow stem augers or a rotary
wash with driven casing method will be used to advance the borings. Each boring —:!! be
advanced to bedrock. Split-spoon samples will be obtained on 2-1/2 foot centers until a
depth of 10 feet above the anticipated bedrock surface. The remainder of each boring
will be continuously sampled down to the bedrock surface. Borings will be sealed with a
bentonite slurry at completion.

4.2.3 Soils and Vadose Zone
From the site history and previous investigations, it is documented that a landfill was
constructed on a known 40 acre site in eight or nine specific areas (Figure 3-3). In each
area, lateral barriers were constructed to the fill areas, either through excavation or by
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berming. Therefore, neither refuse nor wastes were disposed of outside the area
documented as the Landfill boundary on Figure 3-2. In general, disposal cells were
capped at the end of each day, and finally capped with two feet of clay, when the cell was
filled. (The two feet of clay made up the floor to the next overlying refuse cell).

Previous investigations indicate that, (1) some leachate was observed leaking from the
landfill at the base of the northern slope in the early 1980s, (2) leachate is leaking from
the landfill and mixing with the groundwater in the upper aquifer beneath the landfill,
and (3) a groundwater plume extends a distance of up to 600 feet downgradient from the
landfill in the upper aquifer (See Appendices D and E for details).

4.2.3.1 Investigation Required. The areas where leachate leaked at the surface were
patched by applying additional clay, covered with topsoil and seeded. Contaminant
potential of the soils at the base of the north slope will be evaluated by collecting soil
samples.

4.2.3.2 Task 2 - Soil Sampling. Soil samples will be collected from two depth intervals at
two locations at the base of the north slope and one location in the drainageway to the
west of the Swim Lake parking lot. At each location, a sample will be obtained over the
depth intervals 0-6 inches and 6-12 inches. Samples will be collected with a hand auger
and analyzed for TCL and TAL parameters. The preliminary locations are shown on
Figure 4-2; final locations will be marked at the site by Warzyn with concurrence from
the U.S. EPA and its representative.

4.2.4 Surface Water Hydrology
Except for the south boundary line, the designated boundaries of the site are surface
water boundaries (Figure 3-2). It is evident from previous investigations that these
surface water bodies interact with and even control the groundwater flow. Silver Lake
on the East represents a source of upgradient surface water recharge and the West
Branch of the DuPage River is apparently the regional discharge area for the upper
aquifer. Water levels in the closed swim lake and the supply lake are similar to the water
levels in adjacent monitoring wells, indicating that the lake levels are expressions of the
groundwater elevation, or that these are groundwater "flow-through" lakes.



I
I

Work Plan Page 37 of 64
Blackwcll Landfill REVISION: Final
DuPagc County, Illinois DATE: January 28,1991

\
I
\
I

I
I
I
I
I
1
I
I
I

Spring Brook makes up the northern boundary of the site and curves around, also
making the western site boundary until it joins the West Branch of the DuPage River.
Indications are, from both water levels and water quality measured in the brook and
adjacent monitoring wells, that Spring Brook is a recharge source to the upper aquifer
where the aquifer is primarily outwash sand and gravel.

4.2.4.1 Investigation Required. Additional site data will be collected: (1) to better
define the interactions between surface water and groundwater, (2) to document the
surface water quality surrounding the site, and (3) to evaluate the potential
contamination effects of discharging groundwater on bottom sediments in surface water
bodies surrounding the site.

4.2.4.2 Task 3 - Water Level Measurements. To document groundwater/surface water
interactions, water levels will be measured in the surface water bodies which surround
the landfill, in many of the monitoring wells which exist on site and in the new
monitoring wells, in leachate head wells in the landfill and in several piezometers which
will be installed.

Staff gages will be set in Silver Lake, the closed Swim Lake, the Supply Lake, at four
locations along Spring Brook, and at two locations along the West Branch of the DuPage
River. Piezometers will be installed at three points along Spring Brook near the staff
gage locations, and at one location midway between Silver Lake and the Swim Lake.
The staff gage and piezometer locations are shown on Figure 4-3. Water levels will be
measured during each quarter of the year-long remedial investigation. Although water
level measurement will be made approximately once every three months, the actual
dates of measurement will be flexible and selected to document low flow and high flow
conditions. Task 11 describes the leachate level measurements which will be collected to
evaluate the leachate generation of the landfill. The leachate level collection dates will
coincide with the measurements at the wells, piezometers, and staff gages. Water level
measurement locations and dates are summarized in Table 4-1.

4.2.4.3 Task 4 - Surface Water/Sediment Sampling. To document the possible effects of
the discharge of groundwater to surface water bodies, surface water and sediment
samples will be collected in Silver Lake (three locations), the closed Swim Lake (two
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location), the supply lake (one location) and Spring Brook (two locations). Each sample
will be analyzed for full TCL/TAL. Surface water samples will also be analyzed for
indicator parameters. Surface water/sediment sampling locations are indicated on
Figure 4-4.

Surface water/sediment samples will be collected at three locations in Silver Lake.
SW/SD-1 will be collected about 100 feet off-shore in the south east corner of the lake.
The purpose will be to provide an indication of background water and sediment quality.
The location is beyond the area shown in Figure 4-4. Sample SW/SD-2 will be collected
about 25 feet off-shore from monitoring well G-101 and will provide documentation of
groundwater leakage and/or surface water run off from the north slope of the landfill.
Sample SW/SD-3 will be collected about 25 feet off-shore from monitoring well G-103
and will provide documentation of groundwater leakage and/or surface water run off
from the east slope of the landfill. Sampling procedures are outlined in the Field
Sampling Plan.

Surface water/sediment samples will be collected at two locations in the closed Swim
Lake. SW/SD-4 will be collected about five feet off-shore in the in the center of the
original beach area and SW/SD-5 will be collected about 100 feet off-shore in the center
of the lake. These samples will provide an indication of potential groundwater leakage
into the lake. Sampling procedures are outlined in the FSP.

Surface water and sediment samples will be collected at one location in the Supply Lake
(SW/SD-5). The sample will be collected from about five feet off-shore at the north end
of the lake. This samples will provide an indication of potential groundwater leakage
into the lake. Sampling procedures are outlined in the FSP.

Two locations along Spring Brook are designated as surface water/sediment locations.
A weir is located across the Spring Brook where the road crosses the stream at the north
end of the site. Water crossing that weir comes directly from the wetland area north of
Silver Lake and therefore represents water and sediment quality up stream of the
landfill. Sample SW/SD-7 is located at that point to sample background conditions in
Spring Brook. Sample SW/SD-8 will be collected just above the confluence of Spring
Brook and the West Branch of the DuPage River to test the conditions of Spring Brook
down stream from the landfill. Sampling procedures are outlined in the FSP.
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The results of Phase I sampling and water level measurement will show whether
groundwater is discharging or recharging in Silver Lake, the Swim Lake, the Supply Lake
and Spring Brook. A second round of sediment and surface water sampling may be
conducted at one or more of the locations in Phase n of the investigation if it has been
shown that contamination has resulted from the landfill. The parameter list may be
reduced to include only chemical groups detected in the prior round of sampling, (e.g.
only VOA if only VOCs were detected at levels above MCLs or metals above
background).

.-?/> 4.2.5 Hydrogeology
Two hydrogeologic regimes have been identified at the site. The lower bedrock aquifer
extends beneath the whole site and is characterized as a fractured dolomite aquifer,
which is highly permeable in its upper 10-50 feet Groundwater flow in the lower aquifer
has been shown to be from east to west (Figure 3-10). The hydraulic gradient is steepest
in the east where it may be recharged by Silver Lake; the gradient is flatter to the west
where it may be recharged by the upper aquifer.

The upper hydrogeologic regime is unconfined, with a water table existing in the
unconsolidated glacial deposits which overlie the bedrock. Previous investigations
indicate that nature of the aquifer changes from east to west beneath the landfill. In the

,-., east, the saturated glacial deposits are primarily low permeability clay till. To the west of
^ the site, the saturated glacial deposits are high permeability sand and gravel deposits.

Water levels measured at the site indicate that the hydraulic gradient in the upper
hydrogeologic regime is from northeast to southwest, beneath the landfill, and that it
curves toward the southwest in the sand and gravel deposits west of the landfill (Figure
3-10). However site borings and aquifer tests conducted for previous investigations
indicate that permeability of the unconsolidated materials changes from very low
permeability near Silver Lake to very high permeability west of the landfill. Since the
volume of groundwater flux is controlled by the permeability, the volume of groundwater
flowing beneath the landfill from Silver Lake to the west is much lower than the volume
of groundwater flowing south and southeast through the outwash deposits west of the
landfill.
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I Previous sampling at the 51 monitoring wells which surround the site indicates that a
contaminant plume does extend several hundred feet downgradient from the landfill.

| The plume is identified by levels of TDS which are above background levels, and the
existence of volatile organic compounds. See Appendices D and E for details).

4.2.5.1 Investigation Required. It is known from previous investigations that leakage
i from the landfill has caused a plume extending several hundred feet downgradient from
1 the landfill in the upper aquifer. It is also known that the clay confining layer between

the upper aquifer and the lower, bedrock aquifer thins from east to west. The confining
I layer exists beneath the landfill, but it does not appear to exist near Spring Brook. It is

not known whether the plume from the landfill extends out over a potential "window"
through the clay confining layer.

The purpose of Task 1 (above), will be to document the existence of the confining layer
in the areas south and west of the landfill. On the basis of that investigation,
ground water sampling will be conducted to evaluate the potential for groundwater
contamination in the lower aquifer.

The additional work necessary to document the extent of landfill impact to the upper and
lower aquifers includes: (1) installing two additional monitoring well nests, (2) collecting
and analyzing samples from 21 existing and the four new monitoring wells, (3) measuring
water levels at monitoring wells, piezometers, and staff gages, (4) conducting physical
tests on six aquifer and aquitard samples, (5) conducting aquifer tests at 10 monitoring
wells, and (6) sampling private wells surrounding the site.

1 4.2.5.2 Task 5 - Monitoring Well Construction. Monitoring wells will be constructed
within the "window" where the clay confining layer may be missing and allowing

I migration between the upper and lower aquifer. Nests of two monitoring wells will be
constructed at two locations (total of four monitoring wells). The locations will be
selected by the results of Task 1, which will have identified the potential "window"

I through the confining layer. At each location, one well will be constructed with a five-
foot screen located at the base of the sand and gravel zone, and a second well, with a
five-foot screen will be located just below the bedrock surface. Five-foot screens will
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provide more accurate (less dilute) sampling results, and more precise water level
information for calculating vertical gradients. Final locations will be determined by
consensus between U.S. EPA and Warzyn Engineering.

During drilling of the deeper well in each nest, .the bedrock will be cored. Coring will be
performed to determine the characteristics of the dolomite bedrock and to ensure that
each well is screened in a fractured, not crystalline, zone.

4.2.5.3 Task 6 - Groundwater Sampling. Monitoring Wells. Sampling and analysis will
be conducted at 25 monitoring wells to meet the objectives of the RI/FS. The 25 wells
include 21 existing wells surrounding the landfill, and the four new wells which will be
constructed. Although 25 wells are less than half of the wells which exist on the site,
these have been selected to sufficiently represent the groundwater quality in the upper
and lower aquifer, both up and down gradient of the site. Table 4-1 lists the wells to be
sampled and Figures 4-5 and 4-6 show the locations of the wells which will be sampled.

Upgradient Lower Aquifer Wells. One monitoring well, G-134, will be sampled to
represent upgradient water quality in the dolomite aquifer. The well location is shown
on Figure 4-5. The results of this sampling will be supplemented by the upgradient
sampling of private wells (Task 9).

Downgradient Lower Aquifer Wells. Six monitoring wells (Table 4-2) will represent the
downgradient water quality in the lower aquifer. The well locations are shown on Figure
4-5. The sampling results from the moni:_.^ig wells will b^ __pplemented by the
sampling of private wells downgradient from the site (Task 9).

Upgradient Upper Aquifer Wells. There is no real "upgradient" in the upper aquifer
because the aquifer begins beneath the landfill. Monitoring wells downgradient of the
landfill have characteristically shown levels of VOCs. Taken as an indicator, VOC-free
groundwater may indicate background groundwater quality, if the groundwater flow
regime also indicates that the wells are not downgradient of the landfill. Two monitoring
wells, G-121 and G-130, meet this criterion.
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In six years of sampling and analysis, VOCs have not been detected at monitoring wells
G-130 and G-121. At both locations the groundwater flow, as evidenced by the hydraulic
gradient, is parallel to groundwater flow beneath the landfill. Yet both wells are located
outside the zone of potential contamination by the landfill. Therefore, wells G-130 and
G-121 will represent background water quality in the upper aquifer (Figure 4-6).

Downgradient Upper Aquifer Wells. Eleven wells have been selected to represent
downgradient water quality in the upper aquifer (Table 42 and Figure 4-6). The other
upper aquifer wells surrounding the landfill are either redundant, or do not represent the
upper aquifer. The following points provide the rationale for not sampling all the
existing wells.

• Monitoring wells G-101 and G-103 are located between Silver Lake and the
landfill. Yet they have water levels which are lower than Silver Lake indicating
even if there is mounding in the landfill, the lake provides a hydraulic barrier to
groundwater movement toward the east (Surface water/sediment sampling
will indicate if contaminants are moving against the gradient).

• Monitoring wells G-106 through G-114 were installed in 1980 along the
downgradient toe of the landfill. Most of them have indicated significant levels
of VOC contamination during the past six years of monitoring. However, in
subsequent investigations, a second tier of monitoring wells have been
established to represent water quality 100 to 200 feet downgradient from the
landfill. This outer tier of wells is included in the sampling (Table 4-2).

Two rounds of sampling will be conducted at each of the 25 wells. In round 1, each
sample will be analyzed for full TCL/TAL and indicator parameters. For round 2, the
parameter list may be reduced to include only parameter groups which were detected at
above background levels. Refer to the Field Sampling Plan for details regarding well
preparation, sample collection and handling, and equipment decontamination.

Water levels will be measured four times during the investigation at the monitoring
wells, piezometers, and staff gages identified or constructed for this investigation (Task
3). These will be useful in evaluating potential short term changes in groundwater flow
and groundwater/surface water interactions.
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4.2.5.4 Task 7 - Aquifer Tests. Aquifer and aquitard materials will be collected for
physical testing during the installation of the new monitoring wells. Two samples will
be collected at each well nest location and analyzed for grain-size distribution. One
sample will be collected at each location approximately five feet above the bedrock
surface to represent the upper aquifer material The second sample at each location
will be collect of the material directly overlying the bedrock. Analysis of this sample
will be useful in assessing the retardative nature of the material, and to assess whether
it has the potential to act as an aquitard.

Bail tests will be conducted at 10 monitoring wells during Phase I of the investigation to
rr provide an indication of the hydraulic properties of the aquifer materials. Four of the

test locations will be the new monitoring well locations. Two of these will be in the
upper aquifer and two in the lower aquifer and they will be in the zone of greatest
concern, within the plume of affected groundwater. The other locations include:

G-134, upgradient of the landfill in the lower aquifer,

G-133 and G-136 in the lower aquifer downgradient of the landfill,

G-130, upgradient of the landfill in the upper aquifer, and

G-133S, and G-126, downgradient of the landfill in the upper aquifer.

These locations are shown on Figure 4-7.

4.2.6 Meteorology

Two aspects of the meteorological conditions will be useful in meeting the objectives of
the RI/FS. Wind directions represent the probable air migration routes from the site.
Precipitation represents the original source of groundwater, surface water, and
leachate.

4.2.6.1 Task 8 - Meteorological Data Collection. During the Phase I investigation, daily
temperature and precipitation amounts will be recorded at the FPD nursery located
about one mile north of the landfill. These will indicate the approximate amount of
precipitation and evapotranspiration at the site during the investigation. Wind
directions and velocity records will be obtained from the DuPage Airport for the same
time period. These will be used to construct wind rose diagrams.
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4.2.7 Human Population and Land Use
The landfill is located in a DuPage County Forest Preserve, in a relatively densely
populated part of the metropolitan Chicago area. In preparing this Work Plan, Warzyn
obtained well logs for the water supply wells in the nine section blocks which include
and surround the landfill (Section 26, Range 9 East, Township 39 N contains the
landfill, and sections 22, 23 ,24, 25,27, 34, 35, and 36 surround section 26). More than
500 well logs were obtained from the Illinois State Water Survey for these nine sections.
The time-frame for completion of the planning documents has not permitted the
plotting of all 500 wells for which logs were obtained. The wells located closest to the
landfill in each direction have been plotted on Figure 3-7. Additional wells will be
plotted for the final maps of the Remedial Investigation Report as they are discovered,
or if they are found to have the potential for impact

The majority of these wells are completed in the bedrock aquifer which has been
identified as the lower aquifer for this investigation. Previous investigations and the
monitoring well results have indicated that the hydraulic gradient in the lower aquifer is
to the west-southwest of the landfill, and that there are trace levels of organic
compounds in the lower aquifer at the western boundary of the site.

4.2.7.1 Investigation Required. Additional work which will be conducted to complete
the requirements of the RI/FS includes: (1) verifying the direction of groundwater flow
in the lower aquifer, and (2) collecting and analyzing samples from 26 water supply
wells surrounding the landfill site.

4.2.7.2 Task 9 - Groundwater Sampling. Water Supply Wells. Water levels collected at
lower aquifer monitoring wells during the second month of the investigation will be
used to verify the hydraulic gradient in the lower aquifer. On the basis of previously
collected and interpreted data, one upgradient and 25 downgradient water supply wells
have been selected for water quality sampling in the vicinity of the Blackwell landfill.
The locations are shown on Figure 4-8. The upgradient results will be supplemented
with the upgradient monitoring well results. The downgradient locations represent the
first tier of water supply wells located west (downgradient) of the site. The samples will
be analyzed for low quantitation limits of VOCs. The need to re-sample or add
additional downgradient wells will be re-assessed on the basis of Phase I sampling. If
additional sampling is necessary, it will be conducted in Phase n.



I
I
I

Work Plan Page 45 of 64
Blackwell Landfill REVISION: Final
DuPage County, Illinois DATE: January 28,1991

I

I
I

L
I

1
I
I
I
I
I
I

4.2.8 Ecological Investigation
The Site functions as an undeveloped area in a suburban environment Biological
resources in the Site area include a lake used for fishing and boating, and land areas of
woods and fields. The ecological aspects of the Site will be assessed as a part of the Site
investigation.

4.2.8.1 Investigation Required. Observation of the ecosystems of the Site will be
performed by a field biologist A qualitative assessment will be performed and results
of previous Site and area ecological characterizations will be reviewed. The Site
ecosystem will be compared with others in the vicinity.

4.2.8.2 Task 10 - Biological Assessment.
Field observations will be performed in general accordance with the U.S. EPA guidance
document, Ecological Assessment of Hazardous Waste Sites: A Field and Laboratory
Reference. EPA/600/3-89/013, March 1989. Field assessments will be qualitative and
will include aquatic and terrestrial areas.

Aquatic surveys of Silver Lake, the Swim Lake, the Supply Lake, Spring Brook, and the
West Branch of the DuPage River will be performed Species richness and relative
abundance will be assessed for phytoplankton/periphyton and macroinvertebrate
communities. Park district personnel will be interviewed concerning fish stocks in the
Site lakes.

Vegetation of terrestrial areas will be qualitatively assessed by field observation.
Approximate areas of woods, fields, and transition zones will be estimated. Terrestrial
mammal and bird populations will be assessed by a review of local and/or regional
studies and knowledge of academic experts.

With the results of field and reference information, Warzyn will prepare an ecological
assessment report The U.S. EPA guidance document, Risk Assessment Guidance for
Superfund. Volume II: Environmental Evaluation Manual. Interim Final, EPA/540/1-
89/001, March 1989, will be used in preparation of the ecological assessment report.
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Sampling of biota will not be performed as a part of these activities. Present Site
information does not indicate the presence of bioaccumulative chemicals. If
information collected in this investigation indicates a potential for exposure to the Site
fauna or flora, samples of the biota may be collected as a part of a subsequent field
investigation.

43 Identify and Quantify Sources of Contamination
The source of potential contamination at the Blackwell landfill is the refuse which was
buried in the landfill, and the leachate which is contained within the landfill. A review
of the history indicates that the landfill was used for the disposal of household and some
light industrial waste. There is no record of the disposal of drums or containerized
wastes. Previous investigations indicate the leachate levels have reached an equilibrium
condition, varying several inches to several feet during each year, but remaining in the
same range (at each well) from year to year.

These observations indicate that the landfill has reached a steady state condition of
leachate generation. In a steady state landfill, the leachate generation rate and leakage
rate are equal to the the average annual precipitation. With the assumption, previous
investigations have estimated that leachate is being generated within the landfill and
leaking from the landfill at a rate on the order of 2,200 cubic feet per day (Appendix E).

The previous investigations have used Water Balance methods and a Leachate-Level-
Change method to derive the estimates of leachate leakage. The primary water balance
method used has been the U.S. EPA's Hydrologic Evaluation of Landfill Performance
(HELP) numerical model. The model is an empirical model which provides an
estimate of leachate generation for a steady state landfill on the basis of known input
(precipitation, evapotranspiration, etc.) and known or assumed landfill construction.

The Leachate-Level-Change method is based on leachate level measurements at wells
in the landfill. It is based on the assumption that the landfill is at steady state, and that
there is a relationship between the decline in leachate levels and leakage rate out of the
landfill during periods of low infiltration. The relationship is shown by the following
equation.
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dV = dH • A • n

Where
dV = change in leachate volume
dH = change in leachate level
A = area in over which level change occurs
n = effective porosity (specific yield) of refuse

Phase I of the Remedial Investigation will focus on identifying and quantifying the
characteristics of the primary sources of contamination. Water balance and leachate
level change methods will be used to evaluate the leachate production rates. Leachate
sampling will be conducted to document the contaminants present Results of other
sampling (i.e. groundwater sampling and surface water/sediment sampling which are
discussed above), will provide an indication of the levels of contaminants which exist
outside the landfill.

Two primary sources of contamination are represented at the landfill (1) the landfill gas
and (2) the leachate contained in the landfill. In addition, there are potential secondary
sources of contamination including affected groundwater, surface water, sediment, and
biota. During the Phase I investigation, samples of leachate and landfill gas will be
collected and analyzed for hazardous constituents. Potential secondary sources of
contamination include sediment, surface water and groundwater. If the Phase I
investigation indicates that these secondary sources contain concentrations high enough
to classify them as contaminants, a second phase of investigation and sampling may be
conducted to further delineate the potential secondary sources.

4.3.1 Investigation Required. Additional work which will be conducted to complete the
requirements of the RI/FS include: (1) evaluating the volume of leachate existing and
being generated within the landfill, (2) sampling the leachate within the landfill and (3)
identifying the characteristics of the landfill gas.

4.3.1.1 Task 11 - Leachate Volume Evaluation. The leachate production rate will be
calculated and an estimate of landfill hydraulics and leachate volume will be generated
for the RI report A water balance method will be used to derive an estimate of the
percentage of average annual precipitation which has the potential to become leachate
in the landfill. Leachate level changes will be used to develop an estimate of the annual
leakage rate using the methodology described above.
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The meteorological data collected for Task 8 and the available records of landfill
capping will be used in conjunction with the U.S. EPA's Hydrologic Evaluation of
Landfill Performance (HELP) numerical model (Schroeder et aL, U.S. EPA, 1974) to
conduct the water balance.

Leachate levels will be measured in each of the existing 24 headwells in the landfill on
six dates during the investigation. Four of the measurements will coincide with the
water level measurements at the monitoring wells, staff gages, and piezometers detailed
in Task 3.

4.3.1.2 Task 12 - Landfill Leachate Sampling. Leachate samples will be collected from
four leachate headwells in the landfill. The sampling locations were selected to
represent the largest volume and highest concentration levels of contaminants (Table 3-
6). Each sample will be analyzed for full TCL/TAL parameters. The leachate
headwells which will be sampled are SB-5, SB-8, SB-9 and DV-5. Figure 4-9 shows the
locations of the headwells which will be sampled. Refer to the Field Sampling Plan for
details regarding well preparation, sample collection and handling, and equipment
decontamination.

4.3.1.2 Task 13 - Landfill Gas Sampling. Reports of site conditions indicate that gas
flow rate from the 24 headwell/vents in the landfill is variable with temperature and
precipitation. Gas flow volume will be measured from each of the vents on two
separate days during the investigation to provide an indication of the relative gas
production in various areas of the site. Two high flow vents will be identified and gas
samples will be collected and analyzed for VOCs. Vent locations will be selected to
represent different parts of the landfill, (i.e. if two adjacent vents have the highest flow
rates, only one of those will be sampled, and another vent at least 500 feet away will be
selected for sampling).
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SECTION 5
SITE INVESTIGATION ANALYSIS

5.1 Baseline Risk Assessment

The overall objective of the RI/FS process is to arrive at site remedies which mitigate
threats to human health and the environment posed by site contamination. The Baseline
Risk Assessment (BRA) is an essential component of the evaluation of remedial options.
By assuming no further remedial activities take place at the site, risks identified in the
BRA provide a basis for comparing the efficacy of each alternative in reducing site risks.

Detailed guidance for conducting BRA at Superfund sites is described in U.S. EPA
documents entitled Risk Assessment Guidance for Superfund. Volume 1 - Human
Health Evaluation Manual and Volume 2 - Environmental Evaluation Manual (1989).

A preliminary Risk Assessment will be prepared as a Technical Memorandum from the
results of Phase I sampling. At that time, a meeting will be held among representatives
of the U.S. EPA, IEPA, the U.S. Fish and Wildlife Service, the Forest Preserve District,
and Warzyn to evaluate and establish the objectives for the Endangerment Assessment.

5.2 General Description

The BRA is performed concurrently with the RI/FS and begins at the project scoping
stage with identification of potential exposure pathways and determination of the
appropriate types and quantities of data necessary for risk assessment In subsequent
steps, characteristics of potentially exposed populations are determined and estimates of
contaminant \ ~e are derived. This exposure information is then integrated with
information on the toxicology of contaminants, to arrive at an estimate of risk. Because
the depth of scientific information pertaining to the effects of chemicals on human health
is much greater than for the effects of chemicals on the natural environment, the BRA
generally emphasizes the quantitative evaluation of human health impacts. Evaluation
of the environmental impacts of site contaminants is usually less detailed and more
qualitative in scope.

The BRA includes evaluation of risks as they presently exist, assuming current land use
conditions prevail at the site, as well as evaluation of potential future risks by assuming
plausible future land use changes at the site.
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The risk assessment process is organized into the following components:
• Human Health Evaluation

• Contaminants of Potential Concern
Exposure Assessment

• Toxicity Assessment
• Risk Characterization

• Environmental Evaluation

A brief description of each component is described below.

5.2.1 ContftTftfoflnts of Potential Concern

In this component of the risk assessment, the results of chemical analysis of
environmental samples are evaluated to determine the nature and magnitude of
contamination at the site. These data are compared to data from background samples as
well as sampling and analysis quality control data to distinguish site contamination from
naturally occurring chemicals and those which may be artifacts of sample collection and
analysis. Chemicals considered to be site contaminants are further evaluated as
"chemicals of potential concern" in the BRA.

5.2.2 Exposure Assessment
The aim of the exposure assessment is to estimate the types and magnitude of exposure
to chemicals of potential concern at and migrating from the site. Pathways of potential
exposure (e.g. contaminant contact via groundwater ingestion) are characterized, as are
populations potentially exposed (e.g., location and activity patterns). For pathways which
present realistic exposures, estimates of contaminant intake for exposed populations are
calculated.

Contaminant intake estimates incorporate information such as contaminant
concentration, frequency of exposure, and exposure duration, and are calculated for
applicable routes of contaminant entry into the body (e.g. ingestion, dermal absorption
or inhalation). When available, site-specific exposure information is used. When not
available, standard exposure assumptions are applied (e.g., 70 kg person consumes 2 L
water per day). The contaminant intake estimates are intended to represent "reasonable
maximum exposures" which are greater than average exposures, but within the range of
possible exposures. Contaminant intake estimates are subsequently evaluated with
toxicological information to estimate risk.
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5.2.3 Toxicity Assessment
In this section, the lexicological characteristics of the chemicals of potential concern are
presented. The potential adverse health effects of chemical exposures are described, as
well as information on the relationship between the magnitude of the exposure (dose,
frequency and duration) and the toxic response it produces (dose-response relationship).
The dose-response relationship for each chemical is addressed in the risk assessment by
considering toxicity values, developed by the U.S. EPA. Toxicity values have been
derived for noncarcinogenic effects and carcinogenic effects of the chemicals and are
termed reference doses (RFD) and slope factors (SF), respectively. Specific toxicity
values have been developed for varying exposure conditions including chronic versus
subchronic duration and oral versus inhalation exposure routes. Appropriate toxicity
values are identified for contaminants of potential concern.

5.2.4 Risk Characterization
The risk characterization process integrates findings from the exposure assessment and
toxicity assessment. Risks are estimated for potential carcinogenic and noncarcinogenic
effects of the chemicals by comparing estimated contaminant intakes with appropriate
toxicity values. Calculated risks from multiple chemicals are then summed to obtain a
total exposure pathway risk. Essential to the appropriate interpretation of calculated
risks is consideration of the numerous assumptions and uncertainties inherent in the risk
assessment process. These are described and presented with risks estimates.

5.2.5 Environmental Evaluation
The objective of this component of the BRA is to appraise the actual or potential
adverse effects of site contaminants on the ecology of the site or lands influenced by the
site. This assessment may only apply to sites were appreciable natural habitats occur;
however, evaluation of adverse effects on domesticated animals is also appropriate in
this section.

Relative to the human health evaluation described in the previous four components, the
concepts for ecological assessments are much less defined. However, the overall
approach to environmental assessment is analogous to that of human health assessment
and includes identifying contaminants of potential concern, pathways of contamination
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migration and populations (flora and fauna) potentially affected by site contamination.
To the extent possible, actual adverse impacts to natural habitats are determined.
Similarly, the potential for future environmental impact is also described. In addition,
contaminant concentration data may be compared to available regulatory criteria (e.g.,
sediment and water quality criteria).
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SECTION 6
BENCH/PILOT STUDIES

If findings from the Phase I and n investigation indicate that one or more of the feasible
remedial alternatives are likely to include some innovative technologies, it will be
necessary to conduct bench-scale and/or pilot-scale testing studies to determine
technology applicability to the site conditions.

Therefore, treatability studies may be considered after the second phase of the
investigation on the basis of the existing information. The overall purpose of treatability
studies will be to assess whether a given innovative or untested technology can be
implemented, and/or to judge its effectiveness for use at the site. If treatability studies
are found to be necessary, a work plan will be prepared to outline the purpose and
procedures of the study or studies and will be submitted to the U.S. EPA for review and
comment
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SECTION 7
PROJECT REPORTS

Three categories of reports will be generated during the RI/FS: progress reports,
technical memoranda, and Draft and Final RI and FS Reports.

7.1 Monthly Progress Reports

Monthly progress reports will be prepared to describe the technical progress of the
RI/FS. The reports will be submitted to the U.S. EPA and IEPA by the fifteenth
business day of each month. They will include the following information.

1. A description of the action which has been taken toward achieving compliance
with the Consent Order;

2. Summaries of sampling and test results received by Respondent during the
previous month relating to the Blackwell Forest Preserve Site;

3. All plans and procedures completed during the past month, as well as such
actions, data, and plans which are scheduled for the next month; and

4. Target and actual completion dates for each element of activity, including the
project completion, and an explanation of any deviation from the schedule in the
RI/FS Work Plan.

12 Technical Memoranda

Technical memoranda will be prepared to describe the procedures used to collect
specific data and will present the preliminary data. Copies will be sent to the U.S. EPA
and IEPA for review. A meeting will be hei^ Between the U.S. ^PA RPM and Warzyn
to discuss the findings and the appropriate level of effort for the next phase of the
investigation. Warzyn will also present a written summary of proposed sampling and
investigation for the next phase of investigation, if one is necessary. The information
included in the technical memoranda will be incorporated into the Draft and Final
Remedial Investigation Reports. Four technical memoranda will be produced during the
Remedial Investigation.

I 1. Source Characterization
2. Hydrogeologic Study
3. Ecological Investigation Report
4. Endangerment Assessment
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73 Remedial Investigation Report
A final report covering the investigations will be prepared following the general outline
presented in Guidance for Conducting Remedial Investigations and Feasibility Studies
Under CERCLA. Interim Final, EPA/5540/G-89/004, October 1988. The Remedial
Investigation Report will be submitted in draft form to the U.S. EPA and IEPA for review.
Upon receipt of comments, a draft final report will be prepared and submitted.
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SECTION 8
FEASIBILITY STUDY TASKS

The purpose of the Feasibility Study (FS) for the Blackwell Landfill NPL Site is to
develop and evaluate alternative remedial actions, and to present the relevant
information needed to allow for the selection of a site remedy which will be protective of
human health and the environment

The FS will conform to Section 121 of CERCLA; the NCP, as amended; the FS
Guidance, as amended; and U.S. EPA policy. The FS is comprised of the following
tasks:

Task 14: Remedial Alternatives Identification and Screening
Task 15: Remedial Alternatives Array Document
Task 16: Remedial Alternatives Evaluation
Task 17: Feasibility Study Report
Task 18: Community Relations Program

8.1 Task 14 - Remedial Alternatives Identification and Screening
The identification and screening of remedial alternatives will be accomplished through
implementation of the four interrelated subtasks:

Preliminary Remedial Technologies
Development of Remedial Alternatives
Screening of Alternatives
Data Requirements

The work to be accomplished under each subtask is discussed below.

8.1.1 Preliminary Remedial Technologies
The purpose of this subtask is to identify and consider a wide range of potentially
applicable technologies and, based on site and waste conditions, identify a limited
number of specific process options that may be used to address site problems.
Conceptually, the screening process may be viewed as consisting of the following:

Development of general response actions.

Identification of the general technology types associated with the general
response actions.

Identification of process options associated with each technology type.

Screening technology types and process options based on an evaluation with
respect to technical implementability.
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General response actions will be developed for each media of concern at the Blackwell
Landfill NPL Site. Response actions may include source control measures, migration
control measures or both, depending on the media and/or exposure pathways that may
need to be addressed. Response actions will consider the general area(s) of concern and
quantity of material to be remediated at the site based upon the initial site evaluation
and information from the RI as it becomes available.

Technologies and process options that cannot be effectively implemented at the site will
be eliminated from further consideration. This screening will be based on information
from the RI and on technology capabilities/limitations. Results of the screening will be
summarized in tables.

For each of the technology types considered potentially applicable, one or normally two
process options will be selected for further consideration. Process options will be
evaluated using effectiveness, implementability and cost criteria. Limiting the number of
specific process options is intended to make the development and screening of
alternatives more manageable by limiting the potential number of alternatives
developed. Selecting specific process options for actual implementation is a Remedial
Design (RD) phase activity. Results of the process options evaluation will be presented
in tabular form.

8.1.2 Development of Remedial Alternatives
Under this subtask, a range of remedial alternatives will be developed for the site. This
subtask is comprised of the four steps described below which may be viewed as involving
more specific definitions of potential remedial activities.

8.1.2.1 Establishment of Remedial Action Objectives - Site-specific objectives for the
remedial action will be established for the Blackwell Landfill Site; considering the
description of the current situation, information gathered during the RI, Section 300.68
of the National Contingency Plan (NCP), the U.S. EPA's interim guidance, and the
requirements of other applicable U.S. EPA, Federal, and Illinois environmental
standards, guidance and advisories.
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These objectives consist of medium-specific or operable unit-specific goals for protecting
human health and the environment. They will specify: the contaminant(s) of concern;
exposure route(s) and receptor(s); and an acceptable contaminant level or range of
levels for each exposure route.

Acceptable exposure levels for human health will be determined on the basis of risk
factors and contaminant-specific ARARs. Contaminant levels in each media will be
compared with these acceptable levels, which will be determined on the basis of an
evaluation of the following factors:

• For carcinogens, whether the chemical-specific ARARs provide protection
within the risk range of 1(H to 1(H> and whether achievement of each chemical-
specific ARAR will sufficiently reduce the total risk from exposure to multiple
chemicals.

• For non-carcinogens, whether the chemical-specific ARAR is sufficiently
protective if multiple chemicals are present at the site.

• Whether environmental effects (in addition to human health effects) are
adequately addressed by the ARARs.

• Whether the ARARs adequately address all significant pathways of human
exposure identified in the baseline risk assessment. For example, if exposure
from the ingestion of fish and drinking water are both significant pathways of
exposure, application of an ARAR that is based only on drinking water ingestion
(e.g., MCLs) may not be adequately protective.

If an ARAR is determined to be protective, it will be used to establish the acceptable
exposure level. If not (presents a risk greater than 1(H), or does not exist for the specific
chemical or pathway of concern, or multiple contaminants may be posing a cumulative
risk, acceptable exposure levels will be identified through the risk assessment process.
The Superfund Public Health Evaluation Manual will serve as the primary source of
guidance for risk assessment. The Risk Assessment Guidelines of 1986 will serve as an
additional reference.

Clearly, the determination of acceptable exposure levels will depend on the availability
of site investigation results. Where possible, preliminary response objectives will be
established based on existing site information and a qualitative assessment of potential
risks. Response objectives will be revised as information from the RI becomes available.
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8.1.2.2 Alternative Remedial Actions - Alternatives will be assembled by combining
general response actions and the process options chosen to represent the various
technology types for each media or operable unit Alternatives will be formulated to
provide comprehensive site remedies. Alternatives to be developed will include the
following:

a. Treatment alternatives for source control that eliminate or minimize the need
for long-term management (including monitoring).

b. Alternatives involving treatment as a principal element to reduce the toxicity,
;£T, mobility or volume of waste.

At least two additional alternatives will be developed, including the following:

a. An alternative that involves containment of waste with little or no treatment but
provides protection of human health and the environment primarily by
preventing exposure or reducing the mobility of the waste.

b. A no action alternative.

fiilt^ Epitial Screening of Alternatives
The purpose of this subtask is to narrow the list of potential alternatives that will be
evaluated in detail. The screening is accomplished using the following steps:

• Alternatives will be further refined as appropriate;

• They will be evaluated on a general basis to determine their effectiveness,
implementability, and cost; and

• A decision will be made, based on this evaluation, as to which alternatives
should be retained for further analysis.

8.1.3.1 Alternatives Definition - In this step, alternatives will be further defined to form
a basis for evaluating and comparing them prior to screening. Sufficient quantitative
information to allow differentiation among alternatives with respect to effectiveness,
implementability, and cost is required. The following information will be developed, as
appropriate, for the various technology processes used in an alternative:
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• size and configuration of on-site extraction and treatment systems or
containment structures;

• time frame in which treatment, containment, or removal goals can be achieved;

• process flow rates and/or rates of treatment;

• spatial requirements for constructing treatment or containment technologies or
for staging construction materials or excavated soil or waste;

• distances to disposal or treatment facilities; and

• required permits and imposed limitations.

8.1.3.2 Initial Screening - In this step, defined alternatives will be evaluated against
short- and long-term aspects of three broad criteria: effectiveness, implementability, and
cost. These are described as follows:

i

• Effectiveness: Alternatives will be evaluated to determine whether they
adequately protect human health and the environment; attain Federal and
Illinois ARARs or other applicable criteria, advisories, or guidance; significantly
and permanently reduce the tpxicity, mobility, or volume of the hazardous
constituents; are technically reliable; and are effective in other respects. The
consideration of reliability will include the potential for failure and the need to
replace the remedy.

• Implementability: Alternatives will be evaluated as to the technical feasibility
and availability of the technologies that each alternative would employ; the

'j technical and institutional ability to monitor, maintain, and replace technologies
over time; and the administrative feasibility of implementing the alternative.

The cost of construction and long-term costs to operate and maintain the
alternative will be evaluated. This evaluation will be based on conceptual
costing information and not a detailed cost analysis. At this stage of the FS, cost
will be used as a factor when comparing alternatives that provide similar results,
but will not be a consideration at the screening stage when comparing treatment
and non-treatment alternatives.

8.1.33 Preservation of Alternatives - In this step, alternatives with the most favorable
composite evaluation of all factors are retained for further consideration during detailed
analysis. Alternatives selected will preserve the range of treatment and containment
technologies initially developed plus the no action alternative.
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8.1.4 Data
The purpose of this subtask is to provide data not available from the RI to support the
detailed analysis of alternatives in Task 16. The need for additional data, if any, will be
identified. Additional data gathering may involve site characterization, waste
characterization, exposure pathway characterization, other materials testing or
treatability studies. Data requirements will be approached in two steps as described
below.

8.1.4.1 Determination of Data Requirements - Additional data needs, if any, will be
identified by assessing the unknowns associated with the site and/or the application of
specific technologies at the site. A literature survey will be conducted to determine
whether adequate performance and application data exist for a particular technology,
and to determine testing requirements.

8.1.4.2 Treatability Testing or Field Investigation - If needed, the purpose of this step
would be to plan, carry out, evaluate and report on the supplemental field or treatability
investigation. Investigations or testing may be required to adequately evaluate a specific
technology for application at the site. The evaluation may be oriented toward a
performance assessment, process sizing, materials identification and testing (e.g., NR512
clay borrow source search and clay testing) or cost estimation. The goal of investigation
or testing is to support the remedy-selection process. In general, the following activities
would be included in the subtask:

• Work Plan preparation (or revisions to existing Work Plan);

• Field Investigation or sampling, and/or laboratory testing, and/or pilot-scale
testing;

• Analysis of data from the investigation or testing program; and

• Report preparation.

Because of the unknowns at this stage of the process, no specific program is proposed or
budgeted in this Work Plan.
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8.2 Task IS • Remedial Alternatives Array Document
The purpose of this task is to provide the basis for the determination of possible action
specific applicable or relevant and appropriate requirements (ARARs). A description of
the screened alternatives which were retained in Task 14 (including extent of
remediation, contaminant levels to be addressed, and methods of treatment) will be
presented. This document will also include a brief site history and background, a site
characterization summary that includes contaminants of concern, migration pathways,
receptors, and other pertinent site information. This Alternatives Array Document will
be submitted to the U.S. EPA and the EEPA, along with the request for notification of
the standards and requirements. If needed, a meeting will be scheduled between the
U.S. EPA, IEPA, and Warzyn to discuss the Alternatives Array Document and ARARs.

83 Task 16 - Remedial Alternatives Evaluation
Section 121 (b)(l)(A-G) of CERCLA outlines general rules for cleanup actions, and
establishes the SARA statutory preference for remedies, in which treatment permanently
and significantly reduces volume, toxicity, or mobility of hazardous substances, pollutants
and contaminants. Further, it directs that the long-term effectiveness of alternatives be
specifically addressed and that at a minimum the following be considered in assessing
alternatives:

A. The long-term uncertainties associated with land disposal;

B. The goals, objectives, and requirements of the Solid Waste Disposal Act;

C. The persistence, toxicity, and mobility of hazardous substances and their
consiJ.-—ts, and their propensity to bioaccumulate;

D. Short- and long-term potential for adverse health effects from human exposure;

E. Long-term maintenance costs;

F. The potential for future remedial action costs if the alternative was to fail; and

G. The potential threat to human health and the environment associated with
excavation, transportation and redisposal, or containment.

The Remedial Alternatives Evaluation task is basically a three-stage process consisting of
the following:
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Development of detailed alternatives,
Analysis of alternatives, and
Comparison of alternatives.

8.3.1 Development of Detailed Alternatives
Each alternative will be defined in sufficient detail to facilitate subsequent evaluation and
comparison. Typically this activity may involve modification of alternatives based on
ARARs, refinement of quantity estimates, technology changes, or site areas to be
addressed. Prior to detailed definition, the final conceptual alternatives will be agreed on
by Warzyn, the Respondents, IEPA and U.S. EPA.

8.3.2 Analysis of Alternatives
Alternatives will be initially evaluated with respect to seven criteria. The seven criteria
encompass: technical, cost and institutional considerations and compliance with statutory
and regulatory requirements. Each factor is briefly discussed below.

• Overall Protection The assessment against this criterion describes how the
alternative as a whole achieves protection and will continue to protect human
health and the environment

• Compliance with ARARs The assessment against this criterion describes how
the alternative complies with ARARs, or, if a waiver is required, how it is
justified.

• Long-term Effectiveness and Permanence The assessment of alternatives
against this criterion evaluates the long-term effectiveness of alternatives in
protecting human health and the environment after response objectives have
been met

• Reduction of Toxicity. Mobility and Volume The assessment against this
criterion evaluates the anticipated performance of the specific treatment
technologies.

• Short-term Effectiveness The assessment against this criterion examines the
effectiveness of alternatives in protecting human health and the environment
during the construction and implementation period until response objectives
have been met.

• Implementability This assessment evaluates the technical and administrative
feasibility of alternatives and the availability of required resources.

• Cost This assessment evaluates the capital and O&M costs of each alternative.
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The final criteria, state or support agency acceptance and communicated acceptance, will
be evaluated following comment on the RI/FS report The criteria are as follows:

• State Acceptance This assessment reflects the State's (or support agency's)
apparent preferences among or concerns about alternatives.

• Community Acceptance This assessment reflects the community's apparent
preferences or concerns about alternatives.

8.3.3 Comparison of Alternatives
After each alternative has been analyzed against each of the criteria, a comparative
analysis will be conducted. The purpose of this analysis is to compare the relative
performance of alternatives with respect to each evaluation criterion. The narrative
discussion will describe the strengths and weaknesses of the alternatives relative to one
another with respect to each criterion, and how reasonable variations of key
uncertainties could change the expectations of their relative performance. If innovative
technologies are being considered, their potential advantages in cost or performance and
the degree of uncertainty in their expected performance (as compared with more
demonstrated technologies) will also be discussed. A table will be prepared summarizing
the assessment of each alternative with respect to each of the nine criteria.

8.4 Task 17 - Feasibility Study Report
Feasibility study activities and results will be described and documented in a report. A
Feasibility Study report covering the activities and conclusions of Tasks 14,15 and 16 will
be prepared and submitted in draft form to the U.S. EPA and the IEPA for review and
comment following approval cf the technical memoranda.

A meeting will be scheduled to discuss U.S. EPA and BEPA comments, if any, prior to
preparation of the draft final report by Warzyn. The FS report will not be considered
"draft final" until a letter of approval is issued by the U.S. EPA RPM.

8.5 Task 18 • Community Relations Program
A program for community relations support will continue throughout the FS, to the
selection of a site remedy. The program will be consistent with the Community
Relations Plan developed under Task 17 and with the conditions set forth in the
Administrative Order by Consent.

V721WP02PJV/JAW
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Table 1-1

Schedule of Key Events and Deliverables
Blackwell Landfill NPL Site RI/FS

DuPage County, Illinois

Event/Deliverable Length of Task Elapsed Time

I

Field Investigation
Draft Endangerment Assessment
Draft RI Report
EPA Review and Approval
Draft Feasibility Study Report
EPA Review and Approval
Final Feasibility Study Report

7 months
3 months
3 months
2 months
6 months
2 months
2 months

7 months
10 months
10 months
12 months
18 months
20 months
22 months

Notes:

This schedule assumes that the field investigation starts with the initiation of the
geophysical investigation, which is dependent upon weather conditions.

30 and 60 day U.S. EPA review periods have been included in this table. It is recognized
that changes in review time will result in changes in the overall project time.

721WF02PJVT«bk M/JAW/PJV



TABLE 3-1. Page 1

I

SUMMARY OF WELL CONSTRUCTION DETAILS
Blackwell Landfill
DuPage County, Illinois

1
1 ... ....... .......1
(Monitoring Well Couplet ion Date
1
(Ground Surface Elevation (ft MSL)
1
(Total Depth of Boring (ft)
1
(Well Materials
i1
(Screen Materials
11
(Slot Size (in)
i1
(Screen Length (ft)
I
(Bottom of Screen - Depth (ft)
j • Elevation (ft MSL)
i1
(Top of Seal - Depth (ft)
1 - Elevation (ft MSL)
1
(Soil Classification at Screen
1
(Presence of Clay above screened zone
iI
(Thickness of clay above Screened zone
i1
(Average Water Elevation
i1
(Adjacent Nested Well Number (if any)
i1
(Other Location Identifiers

NOTES:
X33S333S33353333Z3SSS3S3335333X

TOIC - Top of Inner Well Casing
ID - Inside Diameter
SS - Stainless Steel
MSL - Mean Sea Level
oh - Open Hole in Bedrock
S • Sand
S&G - Sand and Gravel
Si - Silt
DOL - Dolomite Bedrock
Blank Spaces Indicate Information 1

G-100

5/20/80

31.0

4" PVC

4" PVC

0.010

10

16.0

0.0

S&G

No

None

707.5

G100AB

North Well

a not Avail

G-101

5/20/80

31.0

4" PVC

4" PVC

0.010

11.0

0.0

S

No

None

707.1

None

Sta. 1

able

G-102

5/5/80

31.0

4" PVC

4" PVC

0.010

25.0

0.0

S&G

No

None

708.2

G-1320,DD

Sta. 2

G-103S

4/5/80

47.0

4" PVC

4" PVC

0.010

47.0

0.0

S

Yes

28.3

608.3

G-103D

Sta. 3

G-103D

4/5/80

62.0

4" PVC

4" PVC

0.010

62.0

51.0

S

Yes

35.1

696.4

G-103S

Sta. 3

G-104

5/8/80

31.0

4" PVC

4" PVC

0.010

20.0

0.0

S&G

No

None

None

Sta. 4 |
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TABLE 3-1. Page 2

SUMMARY OF WELL CONSTRUCTION DETAILS

Blackuell Landfill

DuPage County, Illinois

I
(Monitoring Uell Completion Date

I
| Ground Surface Elevation (ft MSL)
11
(Total Depth of Boring (ft)
11
(Well Materials
1
(Screen Materials

(Slot Size (in)

1
(Screen Length (ft)
i
1
(Bottom of Screen - Depth (ft)
| - Elevation (ft MSL)

(Top of Seal • Depth (ft)
1 - Elevation (ft MSL)

1
(Soil Classification at Screen
i
1
(Presence of Clay above screened zone
i
1
(Thickness of clay above Screened zone
i
1
(Average Water Elevation
i1
(Adjacent Nested Uell Number (if any)
i
1
(Other Location Identifiers

G-105

5/6/80

31.0

V PVC

4" PVC

0.010

21.5

0.0

SW

No

None

703.4

G-105A

Sta. 5

G-106

5/8/80

31.0

4" PVC

4" PVC

0.010

15.0

0.0

SCG

No

None

None

Sta. 6

G-107S

5/7/80

39.0

4" PVC

4" PVC

0.010

39.0

0.0

S

Yes

13.5

692.7

G-1070

Sta. 8

G-107D

5/9/80

47.0

4" PVC

4" PVC

0.010

47.0

0.0

SiG

Yes

17.0

691.2

G-107S

Sta. 8

G-108

4/21/80

31.0

4" PVC

4" PVC

0.010

15.0

0.0

S&G

No

None

691.9

None

Sta. 9

G-109

4/28/80

31.0

4" PVC

4" PVC

0.010

20.0

0.0

S&G

No

None

691.7

None

|Sta. 9+140

NOTES:

TOIC - Top of Inner Well Casing
ID - Inside Diameter
SS - Stainless Steel
MSL - Mean Sea Level
oh - Open Hole in Bedrock
S • Sand
SAG - Sand and Gravel
Si - Silt
DOL • Dolomite Bedrock
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TABLE 3-1.

SUMMARY OF UELL CONSTRUCTION DETAILS
Blackwell Landfill
DuPaee County. Illinois

Page 3

1
1.....1
(Monitoring Uell Completion Date
i1
(Ground Surface Elevation (ft MSL)
i1
(Total Depth of Boring (ft)
1
(Well Materials
i1
(Screen Materials
i1
(Slot Size (in)
I1
(Screen Length (ft)
1
(Bottom of Screen • Depth (ft)
j - Elevation (ft MSL)
1
(Top of Seal - Depth (ft)
j • Elevation (ft MSL)
1
(Soil Classification at Screen
i1
(Presence of Clay above screened zone
I1
(Thickness of clay above Screened zone
iI
(Average Water Elevation
1
(Adjacent Nested Uell Number (if any)
1
(Other Location Identifiers

NOTES:

G-110

4/21/80

31.0

4" PVC

4" PVC

0.010

19.0

0.0

S&G

No

None

692.6

None

Sta. 10

G-111
. ....
4/25/80

31.0

4" PVC

4" PVC

0.010

21.0

0.0

S&G

Yes

1.2

692.2

U~X;

Sta. 10+178

G-112

4/22/80

31.0

4" PVC

4" PVC

0.010

20.0

S&G

No

None

692.3

None

Ste. 11

G-113

4/23/80

31.0

4" PVC

4" PVC

0.010

19.0

0.0

S&G

No

None

692.6

"•vie

Sta. 11+80

G-114

4/23/80

31.0

4" PVC

4" PVC

0.010

28.5

0.0

S&G

No

None

692.6

None

Sta. 11+160

G-115S

4/29/80

18.0

4" PVC

4" PVC

0.010

18.0

0.0

S&G

No

None

692.5

G-115D

Sta. 12 /

TOIC • Top of Inner Uell Casing
ID - Inside Diaawter
SS • Stainless Steel
MSL • Mean Sea Level
oh • Open Hole in Bedrock
S • Sand
S&G • Sand and Gravel
Si - Silt
DOL - Dolonite Bedrock
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I
I

SUMMARY OF WELL CONSTRUCTION DETAILS
Blackwell Landfill
DuPage County, Illinois

1
1............1
| Monitor ing Uell Completion Date
i1
(Ground Surface Elevation (ft MSL)

1
(Total Depth of Boring (ft)
I1
(Well Materials
1
(Screen Materials
11
(Slot Size (in)
I
1
(Screen Length (ft)

1
(Bottom of Screen - Depth (ft)
j - Elevation (ft MSL)

(Top of Seal - Depth (ft)
| - Elevation (ft MSL)

1
(Soil Classification at Screen
i
1
(Presence of Clay above screened zone

1
(Thickness of clay above Screened zone

1
(Average Water Elevation
I1
(Adjacent Nested Well Number (if any)
i
1
(Other Location Identifiers

G-1150

5/9/80

48.5

4" PVC

4" PVC

0.010

48.5

36.0

SAG

Yes

4.5

690.7

G-115S

West Well

G-116

5/14/80

46.0

4" PVC

4" PVC

0.010

45.5

0.0

SAG

No

None

690.7

None

Sta. 16

C-117

5/19/80

31.0

4" PVC

4" PVC

0.010

29.0

0.0

SAG

Yes

1.0

692.0

None

Sta. 17

G-118S

5/13/80

21.0

4" PVC

4" PVC

0.010

21.0

0.0

SAG

No

None

693.6

G-118D

Sta. 13

G-1180

5/13/80

56.5

4" PVC

4" PVC

0.010

56.5

0.0

SAG

Yes

14.5

690.7

G-118S

Sta. 13

G-119

5/15/80

31.0

4" PVC

4" PVC

0.010

18.0

0.0

SAG

No

None

705.8

G-135

Sta. 14

NOTES:

TOIC • Top of Inner Well Casing
ID • Inside Diameter
SS • Stainless Steel
NSL • Mean Sea Level
oh - Open Hole in Bedrock
S • Sand
SAG • Sand and Gravel
Si • Silt
DOL • Dolomite Bedrock
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TABLE 3-1.

SUMMARY OF WELL CONSTRUCTION DETAILS
Blackwell Landfill
DuPage County, Illinois

Page 5

I
(Monitoring Well Completion Date

(Ground Surface Elevation (ft MSL)
i
1
(Total Depth of Boring (ft)

1
(Well Materials
i1
(Screen Materials

1
(Slot Size (in)

(Screen Length (ft)
I1
(Bottom of Screen • Depth (ft)
j - Elevation (ft MSL)
i
1
(Top of Seal - Depth (ft)
j - Elevation (ft MSL)

(Soil Classification at Screen

1
(Presence of Clay above screened zone
i
1
(Thickness of clay above Screened zone

(Average Water Elevation
i1
(Adjacent Nested Well Number (if any)
i1
(Other Location Identifiers

C-120S

5/15/80

58.0

A" PVC

4" PVC

0.010

58.0

0.0

s

Yes

40.0

697.3

C-1200

Sta. 15

G-1200

5/16/80

84.0

4" PVC

4" PVC

0.010

84.0

60.0

SAG

Yes

41.5

691.4

C-120S

Sta. 15

G 121

5/3/82

702.2

20.0

4" PVC

4" PVC

0.010

5.0

20.0
682.2

4.0

SAG

Yes

1.4

691.6

None

G-122

4/30/82

704.8

26.0

4" PVC

4" PVC

0.010

5.0

25.5
679.3

SAG

NO

None

691.2

None

G-123

5/3/82

706.2

24.0

4" PVC

4" PVC

0.010

5.0

21.5
684.7

5.0

SAG

No

None

692.1

None

G-124

6/15/84

712.9

20.0

4" PVC

4" PVC

0.010

10.0

14.5
698.4

1.5

S

No

None

701.5

None

NOTES:

TOIC - Top of Inner Well Casing
ID • Inside Diameter
SS - Stainless Steel
MSL - Mean Sea Level
oh - Open Hole in Bedrock
S • Sand
SAG - Sand and Gravel
Si - Silt
DOL • Dolomite Bedrock



I TABLE 3-1.

SUMMARY OF WELL CONSTRUCTION DETAILS
Blackuell Landfill
DuPage County, Illinois

Page 6

1
(Monitoring Well Completion Date

| Ground Surface Elevation (ft MSL)
1
(Total Depth of Boring (ft)
i
1
(Well Materials
i
1
(Screen Materials

(Slot Size (in)

1
(Screen Length (ft)

(Bottom of Screen • Depth (ft)
I - Elevation (ft MSL)

1
(Top of Seal • Depth (ft)
1 - Elevation (ft MSL)
1
(Soil Classification at Screen
i1
(Presence of Clay above screened zone

(Thickness of clay above Screened zone

(Average Water Elevation
i
1
'\djacent Nested We1 ' u»r (if any)
i
(Other Location Identifiers

G-125

6/15/84

713.1

H.O

4" PVC

4" PVC

0.010

5.0

9.0
704.1

0.5

S

No

None

705.5

None

G-126

6/18/84

703.4

20.0

4" PVC

4" PVC

0.010

10.0

17.8
685.6

1.0

SAG

No

None

691.5

None

G-127

6/18/84

705.0

20.0

4" PVC

4" PVC

0.010

10.0

19.0

686.0

2.0

SAG

Yes

1.5

692.0

None

G-128S

6/19/84

705.9

17.0

4" PVC

4" PVC

0.010

10.0

17.0
688.9

2.0

SAG

Yes

2.0

692.0

G-128I.D

G-128I

6/20/84

705.9

29.8

4" PVC

4" PVC

0.010

10.0

29.8
676.1

16.0

SAG

Yes

2.0

692.3

G-128S.D

G-128D

6/22/84

705.9

56.0

4" PVC

4" PVC

0.010

10.0

54.5
651.4

2.0

DOL

Yes

2.0

691.0

G-128S.I

NOTES:
«ss3ssssgss«assssr»sgss=sŝ sgas

TOIC • Top of Inner Well Casing
ID - Inside Diameter
SS - Stainless Steel
MSL - Mean Sea Level
oh - Open Hole in Bedrock
S • Sand
SAG - Sand and Gravel
Si - Silt
DOL - Dolomite Bedrock
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TABLE 3-1.

SUMMARY OF WELL CONSTRUCTION DETAILS
Blackwell Landfill
DuPage County, Illinois

Page 7

1
1.......................1
(Monitoring Well Completion Date
1
(Ground Surface Elevation (ft MSL)

1
(Total Depth of Boring (ft)
i1
(Well Materials
I1
(Screen Materials
i1
(Slot Size (in)

1
(Screen Length (ft)
1
(Bottom of Screen - Depth (ft)
j • Elevation (ft MSL)

1
(Top of Seal - Depth (ft)
j - Elevation (ft MSL)
i1
(Soil Classification at Screen

1
(Presence of Clay above screened zone

1
(Thickness of clay above Screened zone

(Average Water Elevation
i1
(Adjacent Nested Well Number (if any)
i1
(Other Location Identifiers

G-129

6/25/84

700.9

18.0

4" PVC

4" PVC

0.010

10.0

17.5
683.4

2.0

SAG

Yes

7.5

693.0

None

G-130

6/25/84

708.6

23.4

4" PVC

4" PVC

0.010

10.0

23.0
685.6

2.0

SAG

Yes

3.8

693.6

G-136

G-131D

4/8/85

704.5

53.0

4" PVC

4" PVC

0.010

10.0 oh

53.0
651.5

43.0

DOL

Yes

3.5

691.0

G-131DD

G-131DD

4/8/85

704.5

63.0

4" PVC

4" PVC

0.010

10.0 oh

63.0
641.5

53.0

DOL

Yes

3.5

690.8

G-131D

G-132D

4/9/85

724.7

83.0

4" PVC

4" PVC

0.010

10.0 oh

83.0
641.7

73.0

DOL

Yes

32.8

694.9

G-132DD

G-132DD

4/9/85

724.7

93.0

4" PVC

4" PVC

0.010

10.0 oh

93.0
631.7

83.0

DOL

Yes

32.8

694.7

G-132D

NOTES:
Bsss=sssesssss==ss===r==&x=====

TOIC • Top of Inner Well Casing
ID - Inside Diameter
SS - Stainless Steel
MSL - Mean Sea Level
oh • Open Hole in Bedrock
S • Sand
SAG • Sand and Gravel
Si • Silt
DOL • Dolomite Bedrock
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r TABLE 3-1.

SUMMARY OF WELL CONSTRUCTION DETAILS
Blackuell Landfill
DuPage County, Illinois

Page 8

I
11
(Monitor ing Well Completion Date
11
(Ground Surface Elevation (ft HSL)
11
(Total Depth of Boring (ft)
11
(Well Materials
1
(Screen Materials
I
1
(Slot Size (in)
i
1
(Screen Length (ft)
i1
(Bottom of Screen • Depth (ft)
| - Elevation (ft MSL)

(Top of Seal - Depth (ft)
j • Elevation (ft MSL)
i1
(Soil Classification at Screen
I1
(Presence of Clay above screened zone

1
(Thickness of clay above Screened zone

1
(Average Water Elevation

1
(Adjacent Nested Well Number (if any)

1
(Other Location Identifiers

C-133S

4/16/85

706.0

- 21.0

4" PVC

4- PVC

0.010

10.0

21.0
685.0

3.0

S&G

No

None

691.9

G- 1330, 00

C-1330

4/16/85

706.0

53.0

4" PVC

4" PVC

0.010

10.0 oh

53.0
653.0

43.0

DOL

No

None

690.7

G- 1335,00

G- 13300

4/16/85

706.0

73.0

4" PVC

4H PVC

0.010

20.0 oh

73.0
633.0

53.0

DOL

No

None

690.5

G-133S.D

G-1340

4/17/85

725.8

108.5

4" PVC

4" PVC

0.010

30.0 oh

103.5
• 622.3

73.5

DOL

Yes

31.5

696.8

None

G-135

4/17/85

719.0

82.0

4" PVC

4" PVC

0.010

10.0 oh

82.0
637.0

72.0

DOL

Yes

19.3

691.2

G-119

G-136

4/29/85

708.6

101.0

4" PVC

4" PVC

0.010

30.0 oh

101.0
607.6

71.0

DOL

Yes

41.8

688.3

G-130

NOTES:
•XKXS

TOIC
ID
SS
MSL
oh
S
SAG
Si
DOL

Top of Inner Well Casing
Inside Diameter
Stainless Steel
Mean Sea Level
Open Hole in Bedrock
Sand
Sand and Gravel
Silt
Dolomite Bedrock



TABLE 3-1. Page 9

I

SUMMARY OF WELL CONSTRUCTION DETAILS
Black-ell Landfill
DuPage County, Illinois

I
1.... .......... ...1
(Monitoring Well Completion Date

1
(Ground Surface Elevation (ft MSL)
1
(Total Depth of Boring (ft)
11
(Well Materials
1
(Screen Materials
1
(Slot Size (in)

1
(Screen Length (ft)
1
(Bottom of Screen - Depth (ft)
j - Elevation (ft MSL)
1
(Top of Seal - Depth (ft)
j - Elevation (ft MSL)

1
(Soil Classification at Screen

1
(Presence of Clay above screened zone

1
(Thickness of clay above Screened zone

1
(Average Water Elevation
1
(Adjacent Nested Well Umber (if any)
1
(Other Location Identifiers

C-137

8/7/86

699.7
.

54.5

4" PVC

4" PVC

0.010

10.0

53.5
646.2

40.0

SK/DOL

Yes

3.5

.G-138

8/14/86

706.6

56.5

4" PVC

4" PVC

0.010

10.0

54.0
652.6

41.0

Si /DDL

No

None

G-139 ||

8/19/86 (1

I I
700.1 ||

I I
56.5 ||

1 11 1
4" PVC ||

II
4" PVC | |

I I
0.010 I)

I I
10.0 ||

I I
55.5 ||
644.6 ||

I I
2.5 ||

II
I I

S/DOL ||

I I
Yes ||

II
18.4 ||

I
I
I
I
I
I
I

NOTES:

TOIC - Top of Inner Well Casing
ID • Inside Diameter
SS - Stainless Steel
MSL • Mean Sea Level
oh - Open Hole in Bedrock
S • S«nd
SiG • Sand and Gravel
Si • Silt
DOL - Dolomite Bedrock



Table 3-2

Regional Bedrock Water Quality
Blackwell Landfill NPL Site

DuPage County, Illinois

Parameter

Hardness
Total Dissolved Solids
pH
Iron
Chloride
Sulphate
Temperature

Range fmg/1)

300-500
383-2157
6.2-7.6 (units)
0-29.0
0-38.0
Less Than 100
49-59 (OF)

Average

517
7.1 (units)
1.9
7.2

52(<>F)

V721QAPP01CAW



L
r

L Parameter

Hardness
pH
Total Dissolved Solids
Iron
Chloride
Sulphate
Temperature

Table 3-3

Regional Glacial Drift Water Quality
Blackwell Landfill NPL Site

DuPage County, Illinois

Range fmg/1)

387-596

413-790
0-10.8
5-38
80-152
46-54 (OF)

Average frog/I)

485

560
2.7
17.5
113

V721QAPP01CAW



r
Table 3-4

Pumping Test Results
Single Well Tests

Blackwell Landfill NPL Site
DuPage County, Illinois

I

1
I :•;• ->t>

1
- ..

11

I1
1

.&î

r
1
11

1
f
A

Well No.

G-101

G-102

G-103S

G-103D

G-107S

G-107D

G-108

G-115D

G-116

G-117

G-118D

G-120S

G-120D

K rft/min)

12x10-5
1.7 x lO"6

2.7 x ID"2

1.6 x 10-3

6.7x10-4
7.4 x ID*5

2.4x10-3
2.8x10-4

9.4x10-4
23x10-3

1.6 x lO-4

1.1 x ID'3

3.2 x 10-3

1.8x10-4

2.7 x 10*2

6.4 x 10-1

6 .5 x ID'1

6.4 x ID"1

1.7 x 10-2
1.2 x ID"2

3.1 x 10-3
4.1 x lO-4

9.6 x 10-3
1.7 x 10-3

(cm/s)

(6.1 x 10-6)
(8.6 x 10-7)

(1.4 x 10-2)
(8.1 x lO-4)

(3.4 x 10-4)
(3.8 x 10-5)

(1.2x10-3)
(1.4x10-4)

(4.8 x 10-4)
(1.2 x 10-3)

(8.1 x 10-5)

(5.6 x 10-4)
(1.6x10-3)

(9.4x10-5)

(1.4 x lO-2)

(33 x 10-1)

(33x10-!)

(33 x lO-1)

(8.6 x 10-3)
(6.1 x 10-3)

(1.6 x ID'3)
(2.1 x lO-4)

(4.9 x 10-3)
(8.6x10-4)

S Unit

Henry
3.1 x 10-4

Henry
0.15

Yorkville
3.6x10-2

Tiskilwa
0.18

Yorkville

0.13

Tiskilwa

0.16

Henry

Tiskilwa

Henry

Henry

Tiskilwa and
Dolomite

Yorkville
0.10

Tiskilwa
031 and Dolomite

Method

Hvorslev
Nguyen and Finder

Hvorslev
Nguyen and Finder

Hvorslev
Nguyen and Finder

Hvorslev
Nguyen and Finder

Hvorslev
Papadopoulos,
Bredehoeft, and
Cooper
Nguyen and Finder

Hvorslev
Papadopoulos,
Bredehoeft, and
Cooper
Nguyen and Finder

Recovery

Recovery

Recovery

Recovery

Hvorslev
Recovery

Hvorslev
Nguyen and Finder

Hvorslev
Nguyen and Finder



Table 3-4

jOBteua^^

o-m «"* *""!
(8.1 xlO"1)

G-122 I-6 .

L o» S# &&

\ o» -"" (4-4ll<r", ^ o*. »•«* p-°' :
1 " GUo «>-* l1"̂
I .rv-5 (7.1*1°"6) 4.2 >
\ G.131DD 1-AxlO-5

1 C-132D **$ $S& 5"

,ft-7 (2.6 xlO-"7)i — D5- i i i°1 Uwl>1 G-B3S «.«>-l P

\ «M %& ^
\ $3 S (5X)xlO-5)
1 ' 9.8x10-5 ^3-

1 (4.9 xlO-2)

I 0.135 ***** (
 5,

I 5 (2.8x10-5)

0-« 5.6,1^ ^9%lrt

MuUlp

Transmissi^ g&tex

\ a^-J^
. «» ^\ ^
\ *** MIW' „,**
\ °-10J 5SIt u.*>
I ^,n* 7.9X10T4

Recovery
Henry

Recovery
Henry

Hvorslev
Henry Recovery

Recovery
Henry

, .tj. Hvorslev
Dolomite

Recovery
Henry

Hvorslev
Dolomite Nguyen and P»nder

Dolomite ^yefand pinder

xl°~ Hvorslev
Dolomite

Recovery
Henry

Hvorslev
Dolomite Papadopoulos,

Bredeboeft,and

SSi-^
°'U . Recovery

Dolomite

Hvorslev
Dolomite Nguyen and P*

0.013

fcObser^on^eHTests

^flujfsLUsii
Siojai&B

M»«* ^
Henry

2 YorV^Ue/TisVil**

3.6 xlO-2

Yorkville/Tisbl^



Well No.

G-107

G-108

G-114

G-116

G-117

G-118

G-120

G-121

G-122

G-123

G-126

G-127

.,-128

G-130

G-131

G-132

G-133S

G-134

G-130

Transmissivity
n2/min

4.4 x 10-4

13 x 10-1

31.0

102

2.0

3.6 x 10"2

93x10*5

4.9

11.1

13.9

6.0

73

20.0

31

5.4

Multiple

m^/dav

5.9 x 10-2

17.4

4.1 x ICP

1.4 x 103

2.7 x 102

4.8

12 x ID'2

6.6 xlO2

1.5 xlO3

1.8 x 103

8.0 x 102

9.8 xlO2

2.7 x 102

41.5

7.2 x 102

Table 3-4
(Continued)

Observation Well
(continued)

Storativitv

0.13

1.14 x 10"4

2J x ID'5

0.1

63X10-4

4.4 x lO-5

4.2xlO-3

5.1 x lO'3

1.2 xlO'1

13 x 10-2

Tests

Aquifer Unit

Tiskilwa

Henry

Henry

Henry

Henry

Tiskilwa/Dolomite

Henry

Henry

Henry

Henry

Henry

Henry

Henry

Henry

V721QAPP01CAW



I
I

[
[ Unit

Henry

YorkviUe

Maiden

Tiskilwa

Dolomite

V721QAPP01CAW

Table 3-5

Summary of Hydraulic Conductivity Values
Blackwell Landfill NPL Site

DuPage County, Illinois

Range fft/min>

7x10-4 to 0.09
2 x 10'6 to 1.6

too low for measurement

0.03 to 0.07 (sandy unit)

3 x 10-6 to 9 x io-5
3 x 10-4 to 0.64

5 x 10-7 to 0.39
immeasurably high

Measurement

permeameter (4 sets)
pump tests (12)

permeameter (1 set)

permeameter (3 sets)
pump tests (6)

pump tests (7)
pump test (well G133)

r
i



Table 3-6

Summary of Leachate Sampling Results
Blackwell Landfill NPL Site
DuPage County, Illinois

SV1 SV2 SV3

All
Concentration

Range All

1 2

1 2

Compound Detected

Acrylonitrlle
Benzene
Bromoform
Carbon Tetrachloride
Chlorobenzene
Chloroethane
Chloroform
1,2-01chlorobenzene
1,3-Dichlorobenzene
1,4-Dichlorobenzene
Dichlorobromomethane
D1bromochloromethane
1,1-01chloroethane
1,2-01chloroethane
1,1-01chloroethyl ene
C1s-l,2-01chloroethylene
Trans-1,2-DIchloroethyl ene
1,2-01chloropropane
Ethyl Benzene
Methylene Chloride
1,1.2.2-Tetrachloroethane
Tetrachloroethylene 1 2
Toluene 2 2
1,1,1-Trlchloroethane
1,1,2-Trichloroethane
TM chl oroethyl ene 2 2
Vinyl Chloride
Xylenes, Total 2 2

Legend
+ = Number of sampling events where compound detected.
All * Total number of sampling events.
Concentration fcange - Range of detected concentrations.

All Concentrations Riportsd In ug/l (ppb) Units* Othsrwlss Notsd.

Concentration
Range

SV4

All
Concentration

Range All

100-140

1 2

180-295

<2-130
670-1550

210-415

180-500

Concentration
Range

63.9

57.7
14.2

1,040
32.5

4.6

42.6
165

540
40.9
63



c

Compound Detected

Acrylonltrlle
Benzene
Bromoform
Carbon Tetrachlorlde
Chlorobenzene
Chloroethane
Chioroform
1,2-01 chlorobenzene
1,3-Dlchlorobenzene
1,4-Olchlorobenzene
01chlorobromomethane
Dlbromochloromethane
1,1-01Chloroethane
1,2-Dlchloroethane
l,l-01chloroethylene
C1s-l,2-D1chloroethylene
Trans-l,2-D1chloroethylene
1,2-01chloropropane
Ethyl Benzene
Methylene Chloride
1,1,2,2-Tetrachloroethane
Tetrachloroethyl ene
Toluene
1,1,1-THchloroethane
1,1,2-Tr1chloroethane
Trichloroethylene
Vinyl Chloride
Xylenes, Total

Table 3-6
(Continued)

SV4 SV5 SV6 SV7
i

+ All

1 1

Concentration Concentration Concentration Concentration
Range + All Range + All Ranqe + All Range

63.9 6 7 29.5-126 2 2 72.7-100 1 2 <l-38.3

540
40.9

63

5.2-137

31-475 1
78-1740 1
39.9-155 2

Legend
+ « Number of sampling events where compound detected.
All « Total number of sampling events.
Concentration Range - Range of detected concentrations.

All Concentrations Reported In ug/l (ppb) unless otherwise Noted

<20-30.5

57.7
14.2

1040
32.5

4.6

42.6
165

5
3

6
4

5
2

7
7

7
7

7
7

7
7

7
7

40.4-124
13.4-25

29-986
18.3-76.1

14.3-48.3
295-808

46.7-233
186-900

1

2
1

2
1
1
2

2
2

2

2
2

2
2
2
2

2
2

<1-B2

16.3-36
<1-14.7

164-645
<l-8.2
<1-14.0
130-170

3.8-370
54-520

1
1

2
1
1
2

2

2
2

2
2
2
2

2

<l-43.3
<20-30.7
330-484

98-130

<l-33!4
110-120

800-852

<20-125
127-330



SV8

Table 3-6
(Continued)

SV9

Compound Detected All
Concentration

Range

SV10

All

170-390
Acrylonltrile
Benzene
Bromoform
Carbon Tetrachloride
Chlorobenzene
Chloroethane
Chloroform
1,2-D1chlorobenzene
1,3-Dichlorobenzene
1,4-D1chlorobenzene
Dichl orobromomethane
Dlbromochloromethane
1,1-Dlchloroethane
1,2-01Chloroethane
1,1-Di chloroethylene
Cis-1.2-01chloroethylene
Trans-1,2-Oi chloroethylene
1,2-Dichloropropane
Ethyl Benzene
Methylene Chloride
1,1,2,2-Tetrachloroethane
Tetrachloroethylene
Toluene
1,1,1-Trichloroethane
1,1,2-Trichloroethane
Trichloroethylene
Vinyl Chloride
Xylenes, Total
Legend
+ = Number of sampling events where compound detected.
All » Total number of sampling events.
Concentration Range - Range of detected concentrations.

Concentration
Range

110-320

SVtl

All

7
7

Concentration
Range

<10-24
18-75

6.3-640

<1-220

All
Concentration
_ Range

24-42

<l-55

2
2

2
1

1
1

2
2

2

2

2
2

2
2

2
2

2
2

2

2

520-990
250-410

330-740
<1-135

<1-205
<5-5290

180-1260
1350-3760

520-1750

230-931

2

2
1

2
1

1
2

2

2

2

2
2

2
2

2
2

2

2

240-710

145-390
<1-130

50-200
<5-2060

<2-410
1270-4670

395-1240

225-910

2
1

6
5

5

7

1
6

7
7

6
7

7

7

7
6

8.3-11.3
<l-4.4

5.3-410
18.9-53.3

61-100

214-1240

<20-211
49-404

1
1

4

1
4

4
4

4
1
4

4
4

4

4
4

4
4

4
4
4

<1-13.0
<l-6.5

11-195

<l-7.7
72-145

7-90
66-168

15-145
<20-407
235-335

All Concentrations Reported In ug/l (ppb) Unless Otherwise Noted.



SV12

± All

1 2

2 2

1 2

2 2

2 2

Concentration
Ranoe +

0
<l-4.3 0

0

0
0
0
0
0
0
0
0
0
0
0

22.4-22.5 0

0
<1-16.9 0

0
0
0

99-101 0
0
0
0
0

109-122 0

0
0
0

Table 3-6
(Continued)

DV2

AH

2
2
2

2
2
2
2
2
2
2
2
2
2
2
2

2
2
2
2
2
2
2
2
2
2
2

2
2
2

Concentration
Range +

None
None
None

None
None
None
None
None
None
None
None
None
None
None
None

None
None
None
None
None
None
None
None
None
None
None

None
None
None

Detected
Detected
Detected

Detected
Detected
Detected
Detected
Detected
Detected
Detected
Detected
Detected
Detected
Detected
Detected

Detected
Detected
Detected
Detected
Detected
Detected
Detected
Detected
Detected
Detected
Detected

Detected
Detected
Detected

2

1

1

1

1

2

1
2

1

2

DV3

AH

2

2

2

2

2

2

2
2

2

2

Concentration
Ranoe +

27-30 3

<l-3.2 3
1

1

<l-28 1

<1-2.1 2

<l-37.8 1
2

101-109 2

<2-9.2
72-177 3

<l-6.6 1

67-165 2

DV4

All

3

3
3

3

3

3

3
3

3

3

3

3

Concentration
Ranqe

15.5-17.7

6.6-9.7
<20-21.4

<1-12.5

<1-1.2

1.1-2.0

<l-3.6
1.2-1.4

1.4-3.0

4.1-11.6

<1-1.1

3.4-11.3

Compound Detected

AcrylonltHle
Benzene
Bromoform
Carbon Tetrachlorlde
Chlorobenzene
Chloroethane
Chloroform
1,2-01chlorobenzene
1,3-Dlchlorobenzene
1,4-Dlchlorobenzene
01chlorobromomethane
01 bromochloromethanc
1,1-Dlchloroethane
1,2-D1chloroethane
1,1-01chloroethylene
C1s-1,2-01chloroethylene
Trans-1,2-Oichloroethylene
1,2-D1chloropropane
Ethyl Benzene
Methylene Chloride
1,1,2,2-Tetrachloroethane
Tetrachloroethylene
Toluene
1,1,1-Trichloroethane
1,1,2-Trlchloroethane
Trlchloroethylene
Vinyl Chloride
Xylenes, Total

Napthalene
01 ethyl phthlate
1,4-D1chlorobenzene*

Legend
+ > Number of sampling events where compound detected.
All » Total number of sampling events.
Concentration Range - Range of detected concentrations.

All Concentrations Reported In ug/l (ppb) Unlet* Otherwise Noted.



DV5
Concentration

K All Ranae +

Table 3-6
(Continued)

OV6
Concentration

Al 1 Range +

OV7
Concentration

All Range •*•

DV8
Concentration

All Range•f

6

2

1
I

4
1

5
1
6
1

7

1
7

2
1
2

MI
7

7

7
7

7
7

7
7
7
7

7

7
7

2
2
2

Concentration
Ranqe

52.9-74

5.1-17

<1-2250
<1-2050

6.1-21.9
<I-7.2

10-68
<l-8.6
144-204

<5-34

156-538

<20-276
256-729

2.1-696
< 100-0. 07

1.1-737

Compound Detected

Acrylonltrlle
Benzene
Bromoform
Carbon Tetrachlorlde
Chlorobenzene
Chloroethane
Chloroform
1,2-DIchlorobenzene
1,3-01chlorobenzene
1,4-01chlorobenzene
01cnlorobromomethane
01bromochloromethane
1,1-01Chloroethane
1,2-Olchloroethane
1,1-Olchloroethylene
C1s-1,2-D1chloroethylene
Trans-1,2-01chloroethylene
1,2-01chloropropane
Ethyl Benzene 6 7 144-204 2 2
Methylene Chloride
1,1,2,2-Tetrachloroethane
Tetrachloroethylene
Toluene 7 7 156-538 2 2
1,1,1-TMchloroethane
1,1,2-Trlchloroethane
Trlchloroethylene
Vinyl Chloride
Xylenes. Total 7 7 256-729 2 2

Napthalene
01 ethyl phthl ate
1,4-01chlorobenzene*

legend
+ » Number of sampling events where compound detected.
A11 • Total number of sampling events.
Concentration Range - Range of detected concentrations.

All Concentration* Reported In ug/l (ppb) unl«i« otherwise Noted

<5-60.5

140-148

100

1 1 540

<1-100 1 1 250

<1-9.0 1 1

1 1
1 1 200

120-141 1 1 170

1 1
210-383 1 1 2180 1 1

1 1

160-501 1 1 4 3 0 1 1

140

770

330
520

830

150



Compound Detected

Acrylonltrlle
Benzene
Bromoform
Carbon Tetrachloride
Chlorobenzene
Chloroethane
Chloroform
1,2-D1chlorobenzene
1,3-D1chlorobenzene
1,4-D1chlorobenzene
Di chl orobromomethane
D1 bromochloromethane
1,1-01chloroethane
1,2-Dichloroethane
1,1-Dlchloroethylene
C1s-1,2-01chloroethylene
Trans-1,2-D1chloroethylene
1,2-D1chloropropane
Ethyl Benzene
Methylene Chloride
1,1,2,2-Tetrachloroethane
Tetrachloroethylene
Toluene
1.1.1-Trlchloroethane
1,1,2-Trlchloroevnane
Trlchloroethylene
Vinyl Chloride
Xylenes, Total

All

DV9
Concentration

Range

630

3 )
3 J

560

Legend
•«• « Number of sampling events where compound detected.
All • Total number of sampling events.
Concentration Range - Range of detected concentra ons.

Table 3-6
(Continued)

DV10 DV11 DV12
Concentration

+

1

2

2
1

1

2
2

2

2

All

2

2

2
2

2

2
2

2

2

Range

<5-51.3

41-110

170-714
<l-22.5

<l-27.9

186-350
528-800

348-580

145-600

+

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

0
0
0
0
0
0
0
0
0

All

1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1

1

Concentration Concentration
Range + All

None Detected
None Detected 1 1
None Detected
None Detected
None Detected
None Detected
None Detected 1 1
None Detected
None Detected
None Detected
None Detected
None Detected
None Detected
None Detected
None Detected
None Detected 1 1
None Detected 1 1
None Detected
None Detected 1 1
None Detected
None Detected
None Detected
None Detected
None Detected
None Detected
None Detected
None Detected
None Detected

Range

12.5

1.5

16
1.2

1.1

C



Table 3-6
(Continued)

Compound Detected

Acrylonltrlle
Benzene
Bromofonti
Carbon Tetrachlorlde
Chlorobenzene
Chloroethane
Chloroform
1,2-01chlorobenzene
1,3-Olchlorobenzene
1,4-01Chlorobenzene
01chlorobromomethane
01bromochl oromethane
1,1-01chloroethane
1,2-01Chloroethane
1,1-01chloroethyl ene
CIs-l.Z-Dichloroethylene
Trans-1,2-01chloroethyl ene
1,2-01chloropropane
Ethyl Benzene
Methylene Chloride
1,1,2,2-Tetrachloroethane
Tetrachl oroethyl ene
Toluene
1,1,1-Trlchloroethane
1,1,2-Trlchloroethane
Tr1chloroethylene
Vinyl Chloride
Xylenes, Total

DV13

All
Concentration

Range

140-210

<2-95.9
770-991

200-811

Legend
•f » Number of sampling events where compound detected.
All « Total number of sampling events.
Concentration Range - Range of detected concentrations.

Burner 9
(Near DV1)

All
Concentration

Range

8.2-16.0

19-183

115-132
158-480

Manhole 1
Seep 1

(Near DV4. SV3)

± All
Concentration

Range

34

19.8
24.1

<1-60.9

120-235
<1-31.5
21-220
<l-33

2
1

2
2

3
3

3
3

1
1

23.6-78 1
<l-9.3 1

110-115
46-87.8

I
1

1
1

113
64

168
86.8
24.1

Concentration
A11 Range

60.6
10.6

401
24.0

2

2

2

2

1.3-1.7

1.1-1.3



lfti.

Table 3-6
(Continued)

+

0
0
0

• 0
0
0
0
0
0
0

• 0
! 0

0
0

! 0

fl ene 0
ihylene 0

0
0
0

!thane 0
0
0

1C 0
ic 0

0
0
0

Seep 2
(Near G113. 1141

Concentration
All Ranae

1 None Detected
1 None Detected
1 None Detected
1 None Detected
1 None Detected
1 None Detected
1 None Detected
1 None Detected
1 None Detected
1 None Detected
1 None Detected
1 None Detected
1 None Detected
1 None Detected
1 None Detected
1 None Detected
1 None Detected
1 None Detected
1 None Detected
1 None Detected
1 None Detected
1 None Detected
1 None Detected
1 None Detected
1 None Detected
1 None Detected
1 None Detected
1 None Detected

Compound Detecteo

Acrylonltrlle
Benzene
Bromoform
Carbon Tetrachlorlde
Chlorobenzene
Chloroethane
Chloroform
1,2-DIchlorobenzene
1,3-D1chlorobenzene
1,4-D1chlorobenzene
Dlchlorobromomethane
D1bromochloromethane
1,1-Dlchloroethane
1,2-Dlchloroethane
1,1-01chloroethylene
Cls-1,2-D1chloroethy1ene
Trans-1,2-D1chloroethylene
1,2-DIchloropropane
Ethyl Benzene
Methyl ene Chloride
1.1,2.2-Tetrachloroethane
Tetrachloroethylene
Toluene
1,1,1-Trlchloroethane
1,1.2-Trlchloroetnane
THchloroethylene
Vinyl Chloride
Xylenes. Total

Legend
+ = Number of sampling events where compound detected.
All » Total number of sampling events.
Concentration Range - Range of detected concentrations.

V721FSPOIJAW
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I
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I
I
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I

Table 3-7

VOCs Previously Detected in Groundwater
Blackwell Landfill NPL Site

DuPage County, Illinois

1,1-Dichloroethane
1,1-Dichloroethylene
1,2-Dichlorobenzene
1,2-Dichloroethane
1,2-Dichloropropane
1,1,1-Trichloroethane
1,1,2,2-Tetrachloroethane
Benzene
Bromoform
Chlorobenzene
Chloroethane
Chloroform
cis-l,2-Dichloroethylene
Ethylbenzene
Methylene chloride
Te trachloroe thyle ne
Toluene
trans- 1,2-Dichloroethylene
Trichloroethylene
Vinyl chloride
Xylene

V721QAPP01CAW
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Table 3-B. Occurrences of Several VOCs at Downgradient Hells - Blackwell Landfill NPL Site Page 1

Hell

6-109

6-110

6-111

5-112

6-117

6-M8S

6-122

VOC (ug/1)
— — — — —

1,2-DCA
1,1-DCA
1,2-C-DCE
1.2-T-DCE
Tk
1,2-DCP

1,2-DCA
1,1-DCA
1,2-C-DCE
1.2-T-DCE
TCE
1,2-DCP

1,2-DCA
1,1-DCA
1,2-C-DCE
1,2-T-DCE
Tk
1,2-DCP

1,2-DCA
1,1-DCA
1,2-C-DCE
1,2-T-DCE
TCE
1,2-DCP

1,2-DCA
1,1-DCA
1,2-C-DCE
1.2-T-DCE
TCE
1,2-DCP

1,2-DCA
1,1-DCA
1,2-C-DCE
1.2-T-DCE
TCE
1,2-DCP

1,2-DCA
1,1-DCA
1,2-C-DCE
1.2-T-DCE
TCE
1,2-DCP

N AV6 SD
~~~

J
 r— 1-««» r~».

0 <1
15 21.7 16.7
14 24.1 17.9
4 4.8 4.1
6 1.5 0.9
9 2.2 1.5

11 4.5 3.2
13 18.6 11.1
13 160.4 190.7
10 11.6 13.0
13 39.1 46.8
5 10.2 8.7

6 2.1 1.8
14 6.8 3.4
16 81.9 94.8
10 4.6 4.4
15 34.0 46.3
7 3.0 2.1

9 5.8 7.3
14 31.3 48.7
15 35.3 48.1
13 7.6 5.2
13 13.9 12.0
12 6.4 6.1

2 0.7
16 3.6 2.8
20 8.6 5.6
2 3.6
2 1.0

8 <1
20 49.4 38.5
20 116.4 56.0
17 10.9 10.6
28 47.3 27.7
8 3.4 2.2

2 3.1 3.1
11 3.9 5.1
17 7.0 9.7
3 2.7 3.2

15 2.7 2.1
0 <1

t 13 -Dec
1983

— «•" — T — •"—••

10.9

15.0
154

63.6

10.9
191

198

43
71.4
19.2
28.3

10.0
9.2

91.8
185
43

55.3

34.3

13-Apr
1984

66.8
46.1

15.7
24.9

14.7

11.5
84.9

59.2

15.1
139
165

12.4
41.4
22.8

18.7

137
166

22.4
55.8

13.1

8.3

12-Jul
1984

17.8
27.1

10.2
28.8
551

18.1
87.1
22.9

31.7

7.8

6.5

9.6

36.9
162

43.7

06-Sep
1984

18.1
9.1
8.3

11.0
49.6
583

41.6
168

6.1

10.3
7.8

133
133

21.9
77.1

6.2
19.6

30
7.2
5.6

21-Dec
1984

13.6
12.4
9.3

3.4
20.6
238

27.2
69.5
10.7

5.7
8.3

50.7
11.5
23.6

3.7
18.7
35.3
7.5

23.6
7.6

4.8
10.9
7.2
2.0

110
137

16.1
57.1

4.3
6.5

4.8

14-Hay
1965

34.5
32.3

1.6

6.2
19.7
264

13
51.2
16.2

1.8
8.3

54.0
2.0

28.8
3.3

22.5
84.7

130
14.6
25.5
14.4

1.3
4.9

24.8

66.7
132

18.9
57.2
4.1

4.6
7.0
1.0
2.7

30-Sep
1985

18.4
21.3

1.1
2.0

4.5
28.8

16.4
1.1

10.5
10.2

5.3
2.5

3.0
5.8

39.6
61.1

35.8
2.6

3.6
5.7

4.4

17-Oec
1985

46.6
71.0

5.7

3.2
12,3
44.7
1.0
5.1
1.4

1.8
9.0
155
5.4

39.4
4.5

2.9
20.8
20.9
8.2
7.0
4.1

2.9
11.6

71.2
237

15.3
132
8.0

2.4
3.5

2.2

25-Har 18-Jun 24-S
1986 1986 19

25.0
27.1

1.9

3.4
11.6
36.7

1.4
6.4

2.5
12.8
395

14.2
36.3
6.8

4.3
30.5
44.3
9.8

19.3
9.1

3.2 2.5 4
6.4 13.4 6

31.6 24.4 38
118 76.8
3.1 3.7 2

55.8 52.9 31
3.0 2.1 2

2.0 1.9 1
2.3 2.7 2

2.2 1.6 1

4-Sep
1986

4.9
6.7

38.9
79
2.5
31.1
2.7

1.8
2.1

1.5

16-Dec
1986

31.5
37.3
1.5
2.4
3.9

4.2
22.7
43.3
6.0
5.5

1.0
6.5
59.2
3.4
12.0
2.0

1.2
5.9
6.8
7.2
6.6
3.7

2.6
5.0

40.3
145
16.8
74.8
4.5

1.9

1.7

31-Nar
1987

2.7
13.5
53.7
4.8
26.8

4.6
42.8
2.9
16.1

1.0
3.7
8.7
1.7
9.3
4.0

2.2
12.4

33.6
71.6
8.4
48.8

1.3
2.5

1.7

17-Jun
1987

15.2
22.8

1.2
1.9

1.9
18.4
30.2

6.5

4.6
40.7

10.0

6.8
5.2
2.3
5.0
2.0

1.4
5.3

29
107
3.4
42.0

1.8

1.0

22-Sep
1987

2.4
5.5

27.6
193
4.5
44.3

1.3

1.0

15-Jan 23-Kar
1988 1988

8.5
11.2

1.3
1.5

3.0
14.0
61.4
2.7
3.9

5.4
103
1.7

36.6

1.7
12.1
13.4
6.0
5.6
3.9

1.0
4.0 5.0

25.0 16.6
67.4 113.0
7.7
37.6 25.4

2.3

16-Jul 29-Sep
1988 1988

7.3
8.7

2.8
1.6

3.9
32.4
2.6
18.7
3.0

6.1
7.9
6.3
3.6
3.0

1.6
8.2

11.5
31.5
2.3
5.2

1.2
2.4

1.3

16-Dec t!
1988

10.8
10.6

4.2
34.7
1.9
6.8

6.7
4.5
4.2

1.0

22.6
112.0
3.7
14.0

c



Table 3-8. Occurrences of Several VOCs at Domgradient Hells - Blackwll Landfill NPt Site Page 2

Hell

6-127

G-128S

6-128D

G-131DD

G-133DD

VOC (ug/1)

1,2-DCA
1,1-DCA
1,2-C-DCE
1.2-T-DCE
TCE
1,2-DCP

1,2-DCA
1,1-DCA
1,2-C-DCE
1.2-T-DCE
TCE
1,2-DCP

1,2-DCA
1,1-OCA
1,2-C-DCE
1.2-T-DCE
TCE
1,2-DCP

1,2-DCA
1,1-DCA
1,2-C-DCE
1.2-T-DCE

1,2-DCP

1,2-DCA
1,1-DCA
1.M-DCE
1.2-T-DCE
Tfc
1,2-DCP

N AVG SD
_ _ _ _ _ _ _ _ _ _ . ,__« »->« _ _ _ —

6 2.0 1.4
17 8.3 4.1
19 82.0 50.8
18 4.6 3.4
18 22.8 10.7
9 2.5 1.2

17 9.4 7.1
19 16.0 10.6
19 28.7 19.0
16 7.3 6.4
18 4.1 4.1
17 6.8 4.1

9 2.8 2.0
16 4.7 4.7
17 7.4 7.3
8 2.9 3.7
6 1.5 0.7
9 2.3 1.5

1 <1
10 1.6 0.7
13 2.3 1.1
1 <1

1 <1

1 <1
9 1.5 0.7

. 12 2.6 1.2
1 <l
3 1.9 1.3
1 <1

t 13-Dec 13-Apr 12-Jul
1983 1994 1984

8.6
24B
8.7

8.7
17.3
80.7
14.2

10.7

'

c a
J*D

.

06-Sep
1984

17.2
118

13.4
46.5

17.0
38.0
58.6
24.3

7.3
14.7

7.0
19.9
32.2
11.9

5.7

21-Dec
1984

3.2
15.2
106

10.4
48.2

21.8
31.5
48.1
15.1
7.8
9.3

3.0
5.9
8.5
1.2
2.0
1.7

14-May
1985

1.9
12.4

118
7.1

33.6
4.2

26.3
34.3
40.4
14.9
3.4

17.1

1.3
2.1

2.9
4.4

2.2

30-Sep
1985

6.7
68.4
1.8

19.6
2.8

9.5
17.8
23.4

19.5
5.5

4.6
6.6

1.7
1.5

1.8
3.1

2.5
5.0

2.8

17-Dec
1985

10.5
98.3
4.9

20.1
2.9

19.1
30.9
49.8
9.1
3.1

1.6
2.4

t

1.7
3.5

3.6

25-tor
1986

6.3
68.5
3.3

21.5
2.2

10.2
17.8
29.6
4.9
1.7
2.5

3.5
5.6

1.5
2.7

1.4
2.4

18-Jun
1986

3.9
43.4
1.7

22.1
1.9

4.3
11.6
20.3
5.1
3.3
4.6

3.0
7.5

12.0
1.1

1.5
2.5

1.7

24-Sei
198!

6.1
4E

1.2
21. 1
2,4

9.3
23.1
33J
B.I
4.2
7.1

5.1
10.1
14.6
1.4
2.1
2.9
;

1.8
2.9

1.9
2.9

l-Sep

6.1
48
1.2
21.6
2,4

9.3
23.0
33.3
8.0
4.2
7.1

5.0
10.0
14.6
1.4
2.8
2.9

1.8
2.9

1.9
2.9

16-Dec
1986

6.4
44.2
1.6
14.0
1.8

5.0
7.7
21.6

3.0
6.2

1.1

5.5

1.4

1.7
2.3

1.1
2.3

31-flar
1987

5.0
35.1
2.5
19.8

5.9
13.6
22.3
l.B
3.0
5.6

1.7
3.3

1.7
3.3

17-Jun
1987

1.1
7.8
65.4
2.9
20.2

5.7
7.1

21.0
3.6
2.6
6.0

2.1
5.0
9.4

1.2
2.4

1.3
1,6

2.7

22-Sep
1987

7.8
60.9
3.3
21.9

4.1
14.0
29.6
4.8
3.9
7.0

1.3
4.3
8.8
1.6

2.2

1.4
3.2

15-Jan
1988

5.7
71.3
3.8
18.7

5.9
13.6
18.4
4.2
2.5
5.1

2.4

1.4
3.0

1.0
2.3

2.8

23-Har
1988

4.2

60.7
3.6
17.4

2.7
6.6
13.2
2.3
1.4
3.8

1.0
2.4

16-Jul
1988

1.4
8.8

140.0
7.1

26.1
4.0

4.3
8.0
15.4
2.8
2.8
4.8

2.6
4.6
8.1
1.0
2.0
2.8

I.I

29-Sep
1988

87.0

24.3

6.5
11.9

3.5
5.7

2.4

1.2

16-Dec t
1988

12.8
77.5
6.3
15.4

4.5
8.5
1.7
1.4

1.3
2.3

1.8

1.4

NOTES:

Blanks indicate VOC MS not detected at location during saiplinq event
0.5 indicates VOC detected but concentration was below tiniaui detection liiit



Table 3-9
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Summary of Previous Investigations Conducted at the Site
Blackwell Landfill NPL Site

DuPage County, Illinois

Year of
Activity

1969

1970s

Agency or
Consultant

ISGS

Activity or Report

The ISGS installed a 4-inch diameter PVC leachate head
well in the landfill to monitor leachate levels and quality.

ISGS and IEPA During the early 1970's, the ISGS and IEPA worked
together to install monitoring wells/piezometers
surrounding the landfill. They periodically measured
water levels and collected water samples for field analysis
of pH and chloride.

1971

1980

ISGS

Eldredge

1980

1982

1983

Eldredge

Eldredge

Eldredge

1984 TSC

ISGS included analysis from site data in the Publication
Hydrogeology of Solid Waste Disposal Sites in
Northeastern Illinois. G.M. Hughes et al.

Eldredge Engineering was retained by the Forest Preserve
District (FPD) of DuPage County to evaluate a
hydrogeologic study conducted for the U.S. EPA by SMC
Martin Consultants. Eldredge recommended a detailed
hydrogeologic assessment including construction of
monitoring wells at 20 locations.

Monitoring wells G-101 through G-120 were constructed
at the Site during April and May 1980. A geologic report
was issued.

Monitoring wells G-121, G-122, and G-123 were
constructed at the Site during April and May 1982. A
geologic report was issued.

The FPD developed a quarterly monitoring program,
following recommendations of the IEPA to meet U.S.
EPA quality assurance protocols. The system included
quarterly and semi-annual analysis of groundwater and
surface water samples for water quality and water
pollution indicators (including VOC); chain of custody
procedures were followed, and field duplicates and blanks
were collected for each sampling round.

Monitoring wells G-124 through G-130 were constructed
at the Site during June 1984. A geologic report was
issued.
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Year of
Activity

1985

1985

Agency or
Consultant

DDRA

TSC

1986 U.S. EPA

1986 TSC

1986 Booth & Vagt

1987 Vagt

1988

1989

1990

Warzyn

Table 3-9
(Continued)

Activity or Report

DDRA was retained by the FPD to evaluate quarterly
monitoring data and to develop a plan for further
monitoring and/or remediation at the site.

Ten new monitoring wells were constructed at six
locations (G-131 through G-136) during April 1985. The
locations were selected to form well nests at each location
to allow sampling and water level measurement from both
the upper and lower aquifers. A geologic and water
quality report was completed.

In March 1986, the Blackwell Site was evaluated using the
Hazard Ranking System (HRS). The site received a
composite HRS score of 35.57, with the following scores
for each potential route:

Surface Water = 0.0
Air Route = 0.0
Groundwater = 61.54

In August, three additional lower aquifer monitoring wells
were constructed downgradient of the site (G-137, G-138,
and G-139). A geologic and water quality report was
completed.

Characterization of a landfill derived contaminant plume
in glacial and bedrock aquifers. NE Illinois. Research
Report 86-202, was published by Water Resources
Centers, University of Illinois Urbana-Champaign, 87 p.
The report presented a history and hydrogeologic
assessment of the site.

Peter Vagt was awarded a Ph.D. degree in Geology by
Northern Illinois University. His dissertation included a
hydrogeologic and geochemical assessment of the landfill
and the surrounding aquifers.

Response to Proposed NPL, DuPage County Landfill,
Blackwell Forest Preserve

FPD/U.S. EPA Consent order signed.

U.S. EPA Final listing on NPL.
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Table 3-9
(Continued)

Year of Agency or
Activity Consultant Activity or Report

Quarterly FPD/TSC A database containing all groundwater, surface water,
leachate and sediment sampling is updated after each
quarterly sampling round. It includes results of VOC
analysis , inorgan ic analysis , and wate r level
measurements.

Several abbreviations have been used in the list of investigations. They include:

Abbreviation Agency/Consultant
DDRA Dan D. Raviv and Associates, Millburn, NJ
Eldredge Eldredge Engineers and Architects, Downers Grove, IL
FPD Forest Preserve District of DuPage County
DEPA Illinois Environmental Protection Agency, Springfield, IL
ISGS Illinois State Geological Survey, Champaign, IL
TSC Testing Services Inc., Carol Stream, Illinois
Warzyn Warzyn Engineering Inc., Addison, Dlinois

V721QAPP01CAW
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Table 4-1
Water Level Measurement Points and Sampling Dates

Blackwell Landfill NPL Site

QUARTERLY WATER LEVEL MEASUREMENTS;
Measurement Dates: April 1991

October 1991

Lower Aquifer Wells
G-103D G-128D
G-107D G-131D
G-115D G-132D
G-120D G-133D

Upper Aquifer Wells
G-101S G-109S
G-102S G-111S
G-103S G-113S
G-105S G-114S
G-106S G-115S
G-107S G-116S
G-108S G-117S

Staff gages and Piezometers
SG-1 SG-3
SG-2 SG-4
PI P-2

G-134D
G-135D
G-136D
G-137D

G-118D
G-118S
G-119S
G-121S
G-122S
G-123S
G-124S

SG-5
SG-6
P-3

July 1991
January 1992

G-138D
G-139D

G-125S
G-126S
G-127S
G-128S
G-129S
G-130S
G-133S

SG-7
SG-8
P-4

LEACHATE MEASUREMENT DATES: April 1991 June 1991
July 1991 August 1991
September 1991 January 1992

Leachate Head Wells
SV-1
SV-2
SV-3
SV-4
SV-5
SV-6

SV-7
SV-8
SV-9
SV-10
SV-11
SV-12

DV-2
DV-3
DV-4
DV-5
DV-6
DV-7

DV-8
DV-9
DV-10
DV-11
DV-12
DV-13

V721WP Table 4-1
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Table 4-2

Site Monitoring Wells Designated For Sampling
Blackwell Landfill NPL Site

LOWER AQUIFER MONITORING WELLS

I

I

Number
G-134D
G-128D
G-133D
G-135
G-136
G-138
G-139

UPPER AQUIFER

Number
G-121
G-130
G-108
G-117
G-118S
G-118D
G-119
G-122
G-123
G-126
G-127
G-128S
G-129
G-133S

Location
Upgradient
Downgradient
Downgradient
Downgradient
Downgradient
Downgradient
Downgradient

MONITORING WELLS

Location
Upgradient
Upgradient
Downgradient
Downgradient
Downgradient
Downgradient
Downgradient
Downgradient
Downgradient
Downgradient
Downgradient
Downgradient
Downgradient
Downgradient

Geologic Unit
Dolomite
Dolomite
Dolomite
Dolomite
Dolomite
Dolomite
Dolomite

Geologic Um't
Henry Formation
Henry Formation
Henry Formation
Henry Formation
Henry Formation
M alden/Tiskilwa Till
Henry Formation
Henry Formation
Henry Formation
Henry Formation
Henry Formation
Henry Formation
Henry Formation
Henry Formation

VBUckwell Tables 4-1,4-2
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Data Management Plan Page 1 of 6
Appendix A - Woit Plan Revision: Draft
Blackwell Landfill RI/FS Dale: April 13.1990

1 SECTION 1
INTRODUCTION

I This Data Management Plan describes the program for data management of data and
information collected during the remedial investigation and feasibility study phase of the

j Blackwell Landfill site, DuPage County, Illinois. The plan outlines the procedures that
will ensure the quality and integrity of the data that are collected and discusses the

I disposition of the data collected during the RI/FS tasks and special data handling
procedures. Specific data documentation protocols are detailed in the Quality
Assurance Project Plan (QAPP).



Data Management Plan Page 2 of 6
Appendix A - Work Plan Revision: Draft
BUckwell Landfill RI/FS Date: April 13,1990

SECTION 2
DATA TYPES

Two data types are associated with the investigation. The first is technical data that are
required for or generated by specific investigative tasks. These data include: field data,
data resulting from subsequent laboratory or engineering analysis, background research
data and documents, and state of practice technical data and documents.

The second data type includes information associated with monitoring, managing and
documenting the actual performance of the RI/FS tasks. Specific data management
protocols to be followed for both types of information are discussed in the following
sections.
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SECTION 3
DATA MANAGEMENT

Specific data management procedures are discussed in the QAPP, Section 9.0, and in the
following sections. These sections discuss the fundamental data handling elements and
are subject to change based on possible changes in the investigative tasks.

Field Measurements and Observations

Field observations and measurements will be recorded in a project logbook and on field
record forms. All information concerning field activities and conditions will be recorded

} directly and legibly in the field logbooks and on field forms, and all entries will be signed
i •"*'

and dated. If an entry must be changed, the change will not obscure the original entry,
I and the reason for the change will be stated. The changed and the explanation will be
1 signed and dated. The logbook will document the date, weather conditions, site

activities, and personnel on site, including visitors. Field data records will be organized
into standard form formats and retained in locked permanent files.

Sample Identification and Chain-of-Custody

Field samples will be identified by sample tags and labels. The information on the
• sample tag will include the data and time the sample was collected, the sampling
1 location, the name of the sample collector, and any pertinent remarks. Copies of the

sample tags will be stored in a permanent locked file. Details of the sample labeling are
i 2i'- provided in the Sampling Plan.

• Chain-of-Custody Procedures
' The chain-of-custody procedures for this project are found in detail in the QAPP, Section
i 5, and discussed briefly here. Prior to delivery of samples to the laboratory, a chain-of-
i custody form will be prepared identical to the labels and tags secured on the sample jars

noting sample identification, date and time of sample collection, number of samples
being submitted to the laboratory and the signature of the field personnel collecting the
samples. Chain-of-custody forms will be completed in duplicate using carbonless

I duplicate forms. The original custody form will be taped to the inside lid of the shipping
' cooler and a duplicate will be maintained for the project files. The shipping cooler will
• be secured with strapping tape and custody seals will be placed across the cooler opening
: to ensure sample integrity during shipment.
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Laboratory Documentation
Laboratory records will document sample receipt dates, laboratory analysis dates, and

report dates. After quality assurance review, the results will be transmitted to Warzyn,
who will review the data with the Forest Preserve District.

I Document Control, Inventory and Filing Systems
The data storage and information system established for the project will address the

J receipt of all data, screening and validating of data to identify and reject outliers or

errors, and preparation, sorting and entering of data into data storage files. A quality
j assurance/quality control form will be completed by the internal reviewer that indicates
1 '-"" QA/QC activities were used to review the information and describe the precision and

accuracy of the analysis. The internal reviewer will then make the data available to the
data users. Originals of all data will be secured in locked files. Copies of original data
will be maintained only by those personnel who are using the data during the analysis
procedures and that which is stored for computer manipulation.

The project manager will be responsible for maintaining the document control system
during the investigation. The document inventory and filing system will be based on
serially numbered documents. All documents will be given a number and a description
of the document and number will be maintained in the file.

Much of the data collected during the remedial investigation will be stored in a computer
data base file system. The storage system is based on a VAX mini computer system that
has an established backup system to preserve data security and integrity. After keying in
the data, a report of all data will be obtained and the internal reviewer will check against
the field reports to be sure that the data has been entered correctly. The stored data are
then capable of being organized into reports and lists, analyzed statistically, or
transferred to design/drafting hardware. There are established file protections so that

only designated personnel are allowed access to the data files. At the completion of the
database utility, the data files will be closed. The data files can be archived for an
undetermined amount of time or completely destroyed. The backup files created during

storage will be destroyed in six months.
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Other data recording methods during management procedures associated with specific
Rl/FS sampling activities are discussed in the Sampling Plan, Sections 4, 5 and 6, and

also in the QAPP, Section 9.

File Structure
A copy of the filing categories which will be used is attached.
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I

1 SECTION 4
I FINANCIAL AND PROTECT TRACKING

j The financial and project tracking function of the data management system includes a
' detailed Work Plan including cost estimates with level of effort and a schedule for each
. task, and a detailed project tracking report The detailed plan of work by task has been
j discussed in the Field Sampling Plan and in the Work Plan, Section 4.

I Monthly project status reports will be submitted to the U.S. EPA and FPD. The reports
will include a discussion of the progress made during the current reporting period,

} discussion of the problems that were resolved, anticipated problem areas and
* recommended solutions, the deliverables that were submitted during the period,
, upcoming events and activities that are planned for the next reporting period, and any
] key personnel changes. Any scheduling changes during the period will also be discussed.

Status reports of the project budget will be reported to the FPD with each monthly
invoice. Each status report will include an accounting of all hours worked on the project
and all expenses incurred during the previous month.

V721DMP01PJV/dms/GEP



n PROJECT S lHGlE- f lLE STC?.AGE SYSTtt - F J L E C H E C K L I S T SHEET
[OS/24/89)

1

r

i!

CATEGORY

f i l e Index

Contracts/Proposals/Bids

Financial

Correspondence

Planning Documents

Quality Assurance

Field Data

F I L E COKHENTS

List of all files:
copy of this sheet is acceptable

A Proposals, contracts, purchase
orders, »pec i f i ca t ion$-COPIES ONLY

B Sunreary of invoice status: Invoices
correspondence re: accounts
receivable: copy of budget and
project task setup; COPIES OKLT

C Various inconing and outgoing
letters, r.enorandums, diary notes.

Cl-Al l inhouse correspondence;
diary notes and nemos

C2-A11 outgoing letters/aeaos

C3-A11 incoming correspondence

C4-Te1ephone conversation retorts

C5-Chronolog?cal f i l e - all correspondence

C6-Hisce11aneous

D Documents other than proposals:
Health and Safety plans, Sampling
plans, QAPPs, perait plans;
special instructions/outlines for
conducting the project; Work Plans;
VEI plans and specifications

C A work plan and budget; project
history file; etc.

F Original field data/notebooks

Fl-Field boring logs

F2-Vell construction details

F3-Gtotechnic»l tn*?ng

F4-Geophysicil testing

F5-V>ter Qual i ty tes t ing and water
leveJ eeasurewnti

F 6 - C > i l y f i e l d logs

F7-s i i l ccwn t e s t i n g

F8-Structural tes t ing

r9-Kisce11aneous/Other

FlO-Surveying/Varzyn Fie ld Reports/Notebooks

R E Q U I R E D C A T E G O R I E S 1 . 2

X

X

X

X

WARZYN



PROJECT SIMPLE-FILE STORAGE SYSTEM - FILE CHECKLIST SHEET

(Continued)

CATEGORY

Laboratory Data

Calculations

Photographs/Haps

Originals

Uarzyn Reports

Varzyn Drawings

Other Reports/Drawings

Miscellaneous

Chectprint

FILE COMMENTS

G laboratory test data: cheaical,
geotechnical. tiaterials: original
data and quality control data

61-Analytical laboratory data

G2-Geotechnical laborttcry data

G3-Haterials testing laboratory data

G4-Subcontracted laboratory data

H Calculations, quantity estimates,
computer printouts of tibularhed
data; sets of data should be bound
separately

I Photographs, stereo pairs, site
caps (published), zoning, topography,
geology, groundwater, bedrock,
negatives

J Vzrzyn original reports or drafts

1C Copies of the project report or
previous pertinent VEI reports

L Reference list of report drawings;
copies or reduced copies of
original drawings. Kote: original
or reduced nylars vill be
stored separately

K Kon-Varzyn reports and drawings

N Other file inforeaticn vhich
does not fit into other
categories; file Bust te named.

0 TEMPORARY FUE of chectpHnts, draft
reports or other vork in progress.
Fiie oust be removed upon joo
completion.

REQUIRED CATEGORIES* f
2

X

X

X

X

X

1 Main file categories indicated with an X are standard on all projects, but will not be set up by Records
until category-specific data is generated.

2 Subcategories nay be established by the Project Manager on a prcject-sptcific basis (e.g.. Superfund
projects).

SSAjw/KEB/OVH
[cVb-400-98]

WARZYN



DOCUMENT AUDIT CHECKLIST*

PROJECT NO.
PROJECT LOCATION

FILE LOCATION

DATE OF AUDIT
SIGNATURE OF AUDITOR

Yes No 1. Have Individual files been assembled (field In-
vestigation, laboratory, otter)?

Comments:

Yes No 2. Is each file Inventoried?

Comments:

Yes No 3. Is there a 11st of accountable documents?

Comments:

Yes No 4. Are all accountable documents present or accounted
for?

Comments:

From NEK Procedure Manual for the Evidence Audit of Enforcement
Investigations by Contractor Evidence Audit Teams, EPA-300/9-81-003-R,
April, 1984.



Yes No 5. Is a document numbering system used?

,f Comments:

1

i

I

I

i Yes No 6. Has each document been assigned a document control
| number?

. Comments:

Yes No__ 7. Are all documents listed on the Inventory accounted
! for?

Comments:

I Yes No 8. Are there any documents 1n the f i l e which are not on
the Inventory?

1 ' Comments:

i zzzizizzizziz:
. -?• Yes No 9. Is the f i l e stored 1n a secure area?1 , -
• — Comments:

J Yes No 10. Are there any project documents which have been
declared con f iden t i a l ?

j Conrnents:

i zmzzzm^n
r



I

1

Yes _ No _ 11. Are confidential documents stored 1n a secure area
- separate from other project documents?

Comments:

| Yes No__ 12. Is access to confidential files restricted?

Comments:

Yes No 13. Have confidential documents been marked or stamped
• — — -Confident ial '?

Comments:

Yes No 14. Is confidential Information Inventoried?

Comments:

Yes No 15. Is confidential Information numbered for document
control?

Comments:

] Yes No 16. Have any documents been claimed confidential under
1 ~ ~~ 7SCA?

1 Comments:

[Jpl-602-84f]
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LEGEND FOR BORING LOGS

PEAT AND CLAY

ORGANIC SOIL
SILT

'.

•'•'."

0

0

o

0

o

^

X
A

SAND GRAVEL SHALi SANDSTONE LIMESTONE

ST « THIN WALLED I/ « • wk •
TUBE SAMPLE SS » Split Spoon Somple do « Dr* untl "•l«ht in

.A « Auger Somple WC « In litu woter content ^ Per cubic foot

* Penetrotion Resistonct in Blows per Foot- by driving 2" 0. D. Split Spoon Sampler
o distance of 12 inches with o 140-pound weight freely falling 30 inches

—J * woter level ot end of boring W- water level after elapsed time interval
_ m V.-water level while Drilling
Ou* Unconfined compression strength in Tons per Square Foot
* • Denotes strength was based on pocket penetrometer measurements . Maximum range » 5.0

MATERIAL SIZE RANGE
BOULDER
COBBLE
Coarse GRAVEL

Medium GRAVEL
Small GRAVEL
Coarse SAND
Medium SAND
Fine SAND
SILT or CLAY

Over B inches
8 inches to 2-1/2 inches
2- 1/2 inches to I inch
I inch to 3/6 inch
3/8 inch to No. 4 sieve
No. 4 s ieve to No. 20 sieve
No. 2O sieve to No- 60 sieve
NO. 60 sieve to No. 200 sieve
Finer than No. 200 sieve

COHESIVE SOILS COHESIONLESS SOILS

Classification
Very Soft
Soft
Stiff
Tough
Very Tough
Hard

Qu

0.35
0-39 to 0-59
0. 60 to 0. 99
I.OOto 1.99
2.00to 3. 99
4.00 and over

Classification
Very Loose
Loose
Firm
Dense
Very Dense

N
0- 4
5- 9

10 - 29
30-49
50 and over

Modifying Term

T r a c e
Little
Some
And

Per Cent by Weight

I - 10
10 - 20
20- 35
35 - 50



.V
I

« ^

PROJECT BORINGS & MONITORING STATIONS, BLACKUELL FOREST PRESERVE _

CLIENT FOREST PRESERVE DIST. OF DU PAGE COUNTY. 881 W. ST. CHARLES RD. . LOMBARI

BQBIMG North well DATE START ED _lz20-8p_

ELEVATIONS

GROUND SURFACE _

END OF BORING _

OATE CQUPLBTPP 5-20-80 JQa 17,45£

WATER TABLE

AT END OF BQBiKir. -16.5' _

U HOURS _
While Drilling -12.0'
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ss

ss

ss

ss

ss

ss

ss

ss

ss

ss

ss

ss

ss
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of E

torn c
a dep
1 to

N

Z5/61

71/K

71/1]

46

19

22

16

16

14

24

54

37

25

26

20

orinj

f moi
th o:
grout

"we

7.0

"7.5

14.4
16.9

12.3
12.6

12.7
12.8
12.8
13.4

16.1
15.4

12.5
12.5

17.1
17.6

at 3

litorii
16.0

d sur

Q«

4.5+
3.25

4.50
4.25

3.75

2.25

4.50
4.5+

4.5+
4.5+

4.00
4.50

.0'

g we
and

ace.

JDRY

.1 wa
seal

DEPTH

1.0

8.0

11.0

13.0

15.0

24.0

29.7

i inst
Ed frc

E U E V .

ailed
m

SOIL DESCRIPTIONS

FILL - Black and dark brown
~\ clayey TOPSOIL

FILL - Brown and black silty
CLAY (CL) and small to
large GRAVEL (GW) ; trace
sand

Note: Slight odor in sample 2B

Dense to firm light grayish-bv/i
fine to coarse SAND, some small t<
medium gravel, trace silt and cla
to 9.01, moist (SW)
firm brown tine to coarse SAND an
small to medium GRAVEL, very mois
to wet at 12. O1 (SV/OJ^
Firm dark gray medium to coarse
SAND, wet (SP); 2" clayey silt

Iseam at 14.8' '•- Note: This zone
(13.0-15.0*) may contain leachate
Slight odor noted.

Hard to very tough gray very silt
CLAY, trace sand and gravel, mois
(CL); 6" layer of clayey sandy
silt at 16.5'; occasional clayey
silt layers; occasional silt i n
8" clayey sandy silt layer at 2J.

Hard gray silty CLAY, trace sand
and gravel, moist (CL) ; silt seam
at .29.0'

Firm gray clayey sandy SILT, very
i moist fMT }

- A p p r o x t m t t i • n c o i f i n e d c o m p r e s s i o
t t r c a g t k b t s t d * o n m c i i a r c m c n t t m ,
» c i l i b n t t d p o c k e t p e a e t r o n e t c r .

TESTING SERVICE CORPORATION
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FOREST PRESERVE DIST. OF DU PAGE COUNTY. 881 W. ST. CHARLES RD.. LOMBARD
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ITDRY

A

*
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*
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DEPTH

4.0

c sj . J

7.0

11.0

n /\.0

i o n17 .U
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SOIL DESCRIPTIONS

FILL - Brown silty CLAY (CL)
mixed with SAND and
GRAVEL (SW/GW)

Firm brown fine to coarse SAND
and small to medium GRAVEL, wet

(Sw/Gw )
Firm light brown silty fine

•v SAND, wet (SM) with thin layers
Vof silt

Firm gray clayey SILT, some
sand and gravel, very moist (ML)

Hard gray silty CLAY, trace
sand and gravel, moist (CL) ;
thin layer of silt below 15.0'

Firm gray sandy (fine) SILT,
wet (ML)

Hard gray very silty CLAY,
little sand and gravel, moist(CL)
occasional seams and pockets of
silt

' - A p p r o x i m i t t • n c o n f i n c d c o m p r t s s i o i
1 s t r t n g t h b«nd o n • c i s a r c m c n t s w i
i « c i l i b r i t i d p o c k i t p c a c t r o m c t c r .
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\
BORING. Sta. 2 DATE STABTPB 5-5-80 DATE COMPLETED 5-5-80 JOB 17.458
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SOIL DESCRIPTIONS

^ FILL - Black clayey TOPSOIL

FILL - Brown silty CLAY, little
sand and gravel (CL)

Firm light brown to brown fine
to coarse SAND, some gravel,
trace silt (SW)

^

Firm to dense brown to light
brown fine to coarse SAND and
small to large GRAVEL, trace
silt, very moist to wet at
20.0' (SW/GW)

. Brown SILT, little sand and
| gravel, wet (MtT'

Firm brown to light brown fine
to coarse SAND and small to
large GRAVEL, wet (SW/GW)

Firm to dense fine to coarse
SAND and small GRAVEL, wet (SW)

Dense brown sandy (fine) SILT,
\ trace gravel, very moist (ML)

I
i
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CMEHT FOREST PRESERVE DIST. OF DU PAGE COUNTY, 881 W. ST. CHARLES RD., LOMBARD

-5-80 JQB 17,458BQgmc Sta. 3 DATE STAPTPO 4-5-80

ELEVATIONS

y GROUND SURFACE —

END OF BORING .

AT

WATER TABLE

OF BORING '.

HOURS.

S| SAMPLE
N we If DRY DEPTH

While Drilling - 7.0',-38.3'
SHEET 1 of 2

ELEV. SOIL DESCRIPTIONS
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I4.5+

2.751
4.5+*

4.5+2
4.5+
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3.0
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9.2
7.9
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16.5|2.75

1.0
2.0

5.0

10.0
11.0

25.0
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FILL - Dark brown clayey TOPSOIL
FILL - Brown and gray silty

CLAY^ little sand and
FILL - Brown silty. sandy, claye-

small to medium GRAVEL
(GC)

Very dense to firm grayish-
brown fine to coarse SAND and
small to medium GRAVEL, moist to
wet at 7.0* (SW/GW)
6" sandy silt layer at 9.5'

Firm brown fine to coarse SAND,
little small gravel, wet (SW)

Hard to very tough gray silty
CLAY, trace sand and gravel,
moist (CL):
occasional thin gravel layers
to 15.0'

Firm brownish-gray clayey SILT,
some sand and gravel, moist (ML)

Dense to firm gray clayey SILT,
some sand and gravel, considerat
gravel from 31.0'-33.0', moist

(ML)

Very tough gray silty CLAY,
little gravel, trace sand, mois'

(CL)

**
1Y» J\M SS 1 JU I | I I | I SAMP. Wei

- Driving on pc Gravel TESTING SERVICE CORPORATION

Firm gray very silty, very fine
_SAND. H£t̂



BORINGS & MONITORING STATIONS. BLACKWELL FOREST PRESERVE

n IFMT FOREST PRESERVE DIST. OF DU PAGE COUNTY, 831 W. ST. CHARLES RD., LOMBARD

HQBtMC. Sta. 3r.nn'f DATE STARTED 4-5-80

ELEVATIONS

GROUND SURFACE

END OF BORING

DATE COMPLETED J>-5-80 JOB 17.458

AT END OF BORING

24 HOURS

WATER TABLE
-15.0'

> While Drilling - 7.0', -38.3'
E ? SHEET 2 of 2
0 0
z u
U UJ
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2ep mo
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DEPTH

/I Attl .U
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61.0

g wel
0 fee
und s

ell w
0 fee
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SOIL DESCRIPTIONS

Firm gray very silty, very
1 fine SAND, wet (SM)

Tough gray silty CLAY,
laminated, moist (CL)

Very loose to dense gray very
silty, very fine SAND, wet (SM)

Very tough to hard gray silty
CLAY (CL) and dense to very
dense gray clayey SILT (ML) ;
little sand and gravel;
numerous layers of sand and
silt

very dense brownish-gray silty,
gravelly fine to coarse SAND,

T Soist (SM/SW)
Very dense gray sandy, gravelly
SILT, very moist (ML)

Weathered """ht gray DOLOMITi
or BOULDER

-Approximate antonfined compreiii
strength bised on mciiuremeRts >
i calibrated pocket penetrometer.

•

•
u.

uo

m _J
0
U

TESTING SERVICE CORPORATION



PROJECT TEST BORINGS & MONITORING STATIONS, BLACKHELL FOREST PRESERVE

CLIFMT FOREST PRESERVE DIST. OF DU PAGE COUNTY, 881 W. ST. CHARLES RD.. LOMBA

17,A
BORING.

Sta. 4
DATE STARTED.

5-8-80
DATE COMPLETED. 5-8-80

JOB

ELEVATIONS

fr
\°

GROUND SURFACE

END OF BORING

WATER TABLE

AT END OF RQBINf. -5.0'

24 HOURS
-6.4'
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While Drilling -11.0'
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DEPTH
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SOIL DESCRIPTIONS

FILL - Black clayey TOPSOIL
FILL - BOULDER
FILL - Brown SAND and GRAVEL

(SW/GW)

FILL - Black clayey TOPSOIL,
black to gray slightly
organic CLAY and brown
silty CLAY, trace sand
and gravel (OH/CL)

Very dense brown-gray fine to
coarse SAND and small to large
GRAVEL, wet (SW/GW)

very tougn Drown very silty cu1

I t-rarp oand mni sr fC.1.)

Very tough to hard gray silty
CLAY, trace sand and gravel,
moist (CL) ; 4" seam of soft
brown and black silty clay at
21.0'

- A p p r o i i n a l t • • c o n f i n e d c o m p r e
s t r e n g t h b a s t d on a t i s u r e m c n t :
a c a l i b r a t t d p o c k e t p c n c t r o m e t

53
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PROJECT TEST BORINGS & MONITORING STATIONS, BLACKWELL FOREST PRESERVE

CLIENT FOREST PRESERVE DIST. OF DU PAGE COUNTY. 881 W. ST. CHARLES RD.. LOMBARD

BORING Sta. 5 DATE STARTED 5-6-80 DATE COMPLETED 5-6-80 JOB 17,458

ELEVATIONS

GROUND SURFACE

END OF BORING

AT END OF BORING

24 HOURS

WATER TABLE
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SOIL DESCRIPTIONS

A FILL - Black sandy, clayey TOPSOI

FILL - Gray ailty CLAY, trace
sand and gravel (CL)

FILL - Brown SAND and GRAVEL

FILL - Gray silty CLAY (CL) /̂
and clayey SILT (ML) ,
some sand and gravel,
trace organic

Dense to very dense light brown
to brownish-gray fine to
coarse SAND and small to large
GRAVEL, damp to wet at 19.5'

NOTE: Foul odor noted (SW/GW)
in Sample 10

Dense brown clayey SILT, tra*"*
sand and gravel, moist- v.__J

Hard gray very silty CLAY, trace
sand and gravel, moist (CL)

Dense gray fine to coarse SAND
4 small to medium GRAVEL, wetf s ij / mj ̂
Hard gray silty CLAY, trace
sand and gravel, moist (CL)

Firm gray sandy (fine) SILT,
\ trace gravel, moist (ML)

•

toring

i -Approximate unconfined c o m p r e i
d strength btsed on m e t i u r e m i a t s

a c a l i b r a t e d pocket p e n e t r o m c t c

TESTING SERVICE CORPORATION



.--•*• f*-.
••-.; _,•!

PROJECT TEST BORINGS & MONITORING STATIONS, BLACKVELL FOREST PRESERVE _

CLIFMT FOREST PRESERVE DIST. OF DU PAGE COUNTY. 881 W. ST. CHARLES HP.. LOMBARD

BORING Sta. 6 DATE STARTED.

ELEVATIONS

GROUND SURFACE

5-8-80 DATE COMPLETED 5-8-80 JOaI7.458

END OF BORING

AT END OF BORING

24 HOURS

WATER TABLE
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SOIL DESCRIPTIONS

FILL - Dark brown to black
clayey TOPSOIL

\
Firm to very dense light grayish-
brown fine to coarse SAND and
small to large GRAVEL, trace
silt, occasional cobbles, damp

(SW/GW)

Firm brown clayey SILT, some
~\ sana, trace small gravel, very
\ moist (ML")

Firm gray clayey SILT, little
sand and gravel, moist (ML)

Very tough to hard gray silty
CLAY, little sand and gravel,
moist (CL) ; occasional clayey
gravel zones; layer of silt and
clayey silt from 21.0 '-22.0'

Firm grayish-brown sandy, clayey
SILT, trace gravel, very moist
(ML) : layer of very tough gray
i-Ilrv /-lair fr-nm 7S f > ' _ 7 f i <">?

Firm to dense brownish-gray
clayey SILT, some sand,
considerable gravel, moist (ML)

• A p p r o x i m a t e • n c o n f i a e d c o m p r e i s i o
s t r e n g t h b a s e d o n M e a s u r e m e n t s w
a c a l i b r a t e d p o c k e t p e n e t r o m e t e r .
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BORING.

SAMPLE
NO. [TYPE

PROJECT TEST BORINGS & MONITORING STATIONS. BLACKWELL FOREST PRESERVE

FOREST PRESERVE DIST. OF DU PAGE COUNTY, 881 W. ST. CHARLES RD.t LOMBARI
Sta> 8 DATE STABTFP 5-7-80 OATE COMPLETED 5-9-80 JOB 17.45c

ELEVATIONS WATER TABLE

AT END OF ROBING 13.0*

24 HOURS

GROUND SURFACE

END OF BORING —

WHILE DRILLING 14.5'
SHEET 1 OF :

40-

N
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.5+'
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P.25
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L.75'
1.5*

Hammer

DEPTH

0.5

4.0

7.0

15.0

20.0

L5

38.5

ELEY. SOIL DESCRIPTIONS

•y FILL - Black clayey TOPSOIL

FILL - Brown silty CLAY, trace
sand & gravel (CL)

Firm brown to light brown clayey
SAND & GRAVEL, moist (SC)

Firm brown to light brown silty
fine to coarse SAND & small to
large GRAVEL, very moist to wet
at 14.5' (SM/GM)

Firm to dense brown to light
brown fine to coarse SAND &
small to large GRAVEL, wet (SW/G1

Hard to very tough gray very
silty CLAY, little sand & gravel
moist (CL); occasional clayey
silt layers; boulder at 25';
2" wet sand seam at 29.0*

Dense to very loose gray fine
SAND, trace silt, wet (SP)

Tough gray very silty CLAY, litt
sand & gravel, moist
A p p r o z i m i t c v n t o n f i n e d c o m p r e s s !

»t'-Mtli



PROJECT TEST BORINGS & MONITORING STATIONS, BIACKWELL FOREST PRESERVE

ct,PUT FOREST PRESERVE DIST. OF DU PAGE COUNTY. 881 W. ST. CHARLES HP.. LOMBARD

B O R I N G .

(6

Sta. 8 con' tpATE STARTED.

ELEVATIONS

GROUND SURFACE

END OF BORING

5-7-80 DATE COMPLETED 5-9-80 JOB 17.458

WATER TABLE

AT END OF HOPING 13.0'

24 HOURS.
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SOIL DESCRIPTIONS

Very tough gray silty CLAY, little
sand & gravel, moist (CL) ; with

n layers -of silt 4 sand from 41.0"
Ito 43.0'
Firm to dense gray fine to coarse

-i SAND & small GRAVEL, wet (SW/GW)
Ivery tough gray silty clay layer
lat 43.0'

i Very dense gray sandy SILT, trace
\clay, some large gravel, wet (ML)

Weathered light gray DOLOMITE
or BOULDER

• A p p r o x i m a t e g n c e n f i n e d c o m p r e s s i o n
s t r e n g t h b a s e d o a n e a s u r e r n e n t s w i t
a c a l i b r a t e d p o c k e t p e n e t r o m e t e r .
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TEST BORINGS & MONITORING STATIONS, BLACKWELL FOREST PRESERVE _

r, ,FMT FOREST PRESERVE DIST. OF DU PAGE COUNTY. 881 W. ST. CHARLES RD.. LOMBA

DATE STAPTFP A-71-Rn DATE COMPLgTgD &-91-fln JOB 1 7 45Sta. Q

ELEVATIONS

GROUND SURFACE

END OF BORING

AT END OF BORING

24 HOURS
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ELEV. SOIL DESCRIPTIONS

FILL - Black clavev TOPSOIL

Very dense to firm light grayish
brown to brown fine to coarse
SAND and small to large GRAVEL,
trace clay to 3.0', damp

(SW/GW)

Firm to very dense grayish-b>,>n
small to large GRAVEL and fine
to coarse SAND, occasional
cobbles, wet (GW/SW)

Very tough gray very silty CLAY
] little sand and gravel, moist (
1 a few seams of siltv fine s.

Firm gray fine SAND, trace cxay
\ occasional silty clay laminatio
| Firm fine sandy SILT, wet (ML)

Hard gray very silty CLAY, litt
sand & gravel, moist (CL) , occa
sional clayey sandy silt seams

-i below 26. 01

Very dense to dense gray fine t
coarse SAND and small to large

•_ r^& A T^PT **A *^ t or T / f*j\ & £. ft j i A.-JWCAVEL, wet QSW/GW) ; 6 silty
clay layer at 29.5'

1 - A p p r o x i m a t e • n t o n f i n c d c o m p r e :
tallefl s t r e i g t b based on m e a s u r e m e n t s
from a c a l i b r a t e d p o c k e t p e n e t r o m e t c

u_

u
o

o
«
to
ug
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PROJECT.
TEST BORINGS & MONITORING STATIONS, BLACKWELL FOREST PRESERVE

PRESERVE DIST. OF DU FACE COUNTY, 881 W. ST. CHARLES RD.,LOMBARD

Sta 9+14.Q_ DATE STABTPP 4-25-80

ELEVATIONS

GROUND SURFACE

END OF BORING

DATE COMPLETED 4-28-80 JOBLLA5JL

WATER TABLE
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SOIL DESCRIPTIONS

-\ FILL - Black clayey TOFSOIL
FILL - Brown silty CLAY, little

^ sand and gravel (CL)

Firm to dense light grayish-
brown small to large GRAVEL
and fine to coarse SAND, occa-
sional cobbles, damp to wet at
12.5' (GW/SW)

Firm brown small to large GRAVEL
little to some sand, a few cobble
wet (GW) ; 2" clayey gravel seam ;
16.0'; 5" gray sandy-clayey silt
seam at 20.5*

Dense to very dense grayish-brow
fine to coarse SAND and small to
large GRAVEL, a few cobbles, wet

(SW/GW)
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d

TESTING SERVICE CORPORATION



PROJECT
TEST BORINGS & MONITORING STATIONS, BLACKWELL FOREST PRESERVE

r, IPMT FOREST PRESERVE DIST. OF DU PAGE COUNTY, 881 W. ST.

BOBiwr. Sta. 10 DATE STARTED 4-21-80

ELEVATIONS

GBODND SUBFArF

Fun OF ROBiwr.
X
rr

DATE COMPLETED

*•
AT END OF BORING
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SOIL DESCRIPTIONS

FILL - Black clayey TOPSOIL
MLJL - arqwn silty ULAI, little sa

Y and gravel' ' \Ct)
Firm grayish-brown small to mediuir

\ GRAVEL and fine to coarse SAND,
\ damp (GW/SW)

Dense to firm grayish-brown fine
to coarse SAND, little small
gravel, trace silt, damp (SW)

Dense grayish-brown fine to co
L. SAND and small to large GRAVEL^
1 occasional cobbles, damp (SW/Gw;

Very dense grayish-brown small to
1 large GRAVEL, some fine to coarse
1 sand, trace silt and clay, moist
1 fGW)
Firm brown fine to medium SAND, w
(SP) with layers of gray silt '
below 13. O1

Firm gray clayey SILT, very moist
(ML) with sand seams

Firm gray medium SAND, wet
(SP)

Very dense to dense brownish-gray
fine to coarse SAND and small to
large GRAVEL, wet (SW/GW)

—

Firm to dense grayish-brown medii
to coarse SAND, trace small grave
wet (SP)

Dense grayish-brown fine to coar:
SAND and small to medium GRAVEL,
wet (SW/GW)
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PROJECT TEST BORINGS & MONITORING STATIONS, BLACKWELL FOREST PRESERVE

FOREST PRESERVE DIST. OF DU PAGE COUNTY, 881 W. ST. CHARLES RD., LOMBARD

DATE COMPLETED 4-25-80 jOB 17.458• QBIMC Sta. 10+178 DATE STABTEP 4-25-80

ELEVATIONS
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SOIL DESCRIPTIONS

A FILL - Black clayey TOPSOIL
FILL - Dark gray clayey SILT,

•y trace sand (ML)
Hard brown silty CLAY, little
sand, moist (CL)
Firm grayish-brown fine to
coarse SAND, little to some
gravel, little to trace silt

1 and clay, damo (SW)
Firm light grayish-brown fine
to coarse SAND and small to
medium GRAVEL, damp (SW/GW)

Firm gray tine to coarse bANU
and small to large GRAVEL,

-• moist (SW/GW}1 Ulw ^9k \ w * * / V J n /

1 Silt seam at 14.7'
Firm brown sandy, clayey SILT,

"1 very moist (ML) with wet seams
1 of sand and gravel

Dense to very dense brownish-
gray to gray sandy (fine to
coarse) small to large GRAVEL,
wet (GW)
Clayey silt seam at 21'.
Foul odor noted below 17'.

Firm grayish-brown medium to
coarse SAND and small to medium
GRAVEL, wet (SW/GW)

- A p p r o i i m i t t • n c o n l i n i d t o m p r c i s i o
t t r t n q t h b i s t d o n m t i s u r t m t n t s »
a c a l i b r a t e d p o t k t t p c n c t r o m c t c r .
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PBQJECT TEST BORINGS & MONITORING STATIONS, BLACKWELL FOREST PRESERVE

FOREST PRESERVE DIST. OF DP PAGE COUNTY, 881 W. ST. CHARLES RD. t LOMBARD

B O R I N G Sta. 11 DATE STAPTFP 4-22-80 0ATE COMPLETED 4-22-80 JQB 17.458

ELEVATIONS
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END OF BORING

WATER TABLE

AT END OF BORING__L__
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SOIL DESCRIPTIONS

FILL - Black clayev TOPSOIL

Dense to firm light brownish-
gray fine to coarse SAND and
small to medium GRAVEL, trace
silt and clay to 7', damp

(SW/GW)

^
Firm to loose light grayish-
brown fine to coarse SAND,

-i trace to little small gravel,
1 damp (SW)

Layers of tough brown silty
CLAY, moist (CL) ; Loose brown
and gray ailty fine SAND, very

~| moist (SM) and Brown and gray
sandy fine SILT, very moist (ML)
Firm gray medium to coarse SAND,
little small to medium gravel,
moist to wet at 15' (SP)
Firm grayish-black fine to
coarse SAND and small to medium
GRAVEL, wet (SW/GW'
NOTE: This zone (16'-1» , Sanrp-lt

8B, 9A, 9B) appeared to
contain leachate. Foul
odor also noted.

Firm to dense gray to brownish-
gray fine to coarse SAND and
small to large GRAVEL, occasional
cobbles, wet (SW/CW)

itered below 15.0 feet.
to slowly bubble out of bore hole.
lally has an elevation equivalent
at a location having a ground

surface elevation of this boring
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PROJECT TEST BORINGS & MONITORING STATIONS. BLACKWELL FOREST PRESERVE

CMPMT FOREST PRESERVE DIST. OF DU PAGE COUNTY, 881 W. ST. CHARLES RD., LOMBARI

Sta. 11460 DATE STAPTFn 4-23-80 DATE COMPLETED 4-23-80 JOB17.45E

ELEVATIONS

GROUND SURFACE

END OF BORING

AT END OF BORING

WATER TABLE
-13.5'

24 HOURS.
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SOIL DESCRIPTIONS

A FILL - Black clayey TOPSOIL
FILL - Dark gray clayey

SILT (ML)

"\ FILL - Brown silty CLAY (CL)

Firm to dense light grayish-
brown fine to coarse SAND and
small to medium GRAVEL, trace
silt and clay, moist (SW/GW)

Dense light grayish-brown fine
to coarse SAND, little to small
gravel, damp (SW)
Loose to firm grayish-brown fine
to coarse SAND, trace silt and
small gravel, very moist (SP)

Firm blackish-gray medium to
coarse SAND, trace to some
gravel, wet (SP)
NOTE: This zone (14.5'-18.0' ,

Samples 7B, 8A, 8B, 9A)
appeared to contain
leachate. Foul odor was
also noted.

Finn to dense gray fine to coarse
SAND and small to large GRAVEL,
wet (SW/GW)
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TEST BORINGS & MONITORING STATIONS, BLACKWELL FOREST PRESERVE

r, ,PMT FOREST PRESERVE DIST. OF DU PAGE COUNTY, 881 W. ST. CHARLES RD.. LOMBARD

BORING Sta. 11+160 OATE STABTFD 4-23-80 OATE COMPLETEP A-23-80 JOE

ELEVATIONS

GROUND SURFACE

END OF BORING —

AT END OF BORING
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ELEV. SOIL DESCRIPTIONS

•^ FILL - Black clayey TOPSOIL
• FILL - Brown silty CLAY, little
1 sand and gravel CCL")

1 FILL - Dark gray clayey SILT,
trace sand and gravel

i*— <.(ML;
Firm to dense light grayish-
brown fine to coarse SAND and
small to medium GRAVEL, trace
silt and clay to 5' , damp

Firm to loose brown fine SAND,
moist to wet at 13' (SF)

Firm brown fine to coarse SAND,
little to some small to medium
Jtravel. wet (SW)

Firm gray small to large GRAVb-
and fine to coarse SAND, wet

(GW/SW)
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PROJECT TEST BORINGS & MONITORING STATIONS. BLACKWELL FOREST PRESERVE _

FOREST PRESERVE TVTST. OF DU PAGE COUNTY. 881 w. ST. CHARLES RD.. LOMBARD
BORING Sta.12

West Well

GROUND SURFACE

DATE STARTED 4-29-80

5.9.80
DATE COMPLETED *~29-80 JQB

5-9-80
WATER TABLE

AT END OF BQBmr. ~15-0 '

END OF BORING.
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While Drilling -13.0'

SHEET 1 of 2

iDRY DEPTH

2.5
3.5

13.0

16.0

18.5

23.0
23.J

31.0

35.0

36.0
37.0

ELEV.

Tough brown to reddish-brown
i-, sandy silty CLAY, little
\ gravel, moist (CL)

Firm brown fine to coarse SAND
and small to large GRAVEL, a
few cobbles, trace clay, moist

(SW/GW)

SOIL DESCRIPTIONS

FILL - Brown to reddish-brown
silty CLAY, trace sand
and gravel £_£

Firm light brown fine to coarse
SAND and small to medium GRAVEL,
wet (SW/GW)

Firm gray fine to coarse SAND
and small to medium GRAVEL,
wet (SW/GW)

1

I

Very tough to tough gray silty
CLAY, trace sand and gravel,
moist (CL); occasional thin
layers of silt and sand

Loose i
and smo

r fine to
to large

• SAND
,, wet
(SW/GW)

Very loose to firm gray sandy
(fine) SILT, wet (ML) with thin
layers of clayey silt between
23.O1 to 27.0'

Dense to firm grayish-brown sand
clayey SILT, little gravel, very
moist (ML); a few wet layers of
sand and .gravel

Firm grayish-brown clayey, silty
•I SAND and GRAVEL, very moist (SC)

Firm grayish-brown fine to coars
SAND and small to medium GRAVEL,
trace silt & clay, wet (SW/GW)

(SET*
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TEST BORINGS & MONITORING STATIONS, BLACKVELL FOREST PRESERVE

\\ Ĵ

C! I F M T FOREST PRESERVE DIST.

ROBIWO Sta. 12 r n n ' f p A T F STA

West Well EXTE1
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SOIL DESCRIPTIONS

Very dense to dense brownish-
gray very silty fine to medium
SAND, little gravel, trace
clay, moist (SM)

-' Weathered light gray DOLOMITr

or BOULDER ^

•
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TESTING SERVICE CORPORATION



PPQJPTT TEST BORINGS & MONITORING STATIONS. BLACKWELL FOREST PRESERVE
n IPMT FOREST PRESERVE DIST. Op DU PAGE COUNTY, 881 W. ST. CHARLES RD>tLOMBARI

BORINR Sta. 16 DATE STABTEO 5-14-80 DATE cOMPLgTED 5-14-80 JOB 17,45£
(SW WELL)

ELEVATIONS

GROUND SURFACE

END OF BORING

WATER TABLE

AT END OF BORING

24 HOURS
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*^i nj A • \j
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ELEV. SOIL DESCRIPTIONS

\ FILL - Brown clayey TOPSOIL
Tough brown silty CLAY, little
sand and gravel, moist (CL)

Firm to very dense grayish-brour
fine to coarse SAND and small
to large GRAVEL, damp

(SW/GW)

Firm to very loose light brown
to brown fine to coarse SAND
and small to large GRAVEL, mo is
to wet at -13.0' , . N(SW/GW)

Firm grayish-brown fine to coar:
SAND, some small gravel, wet

(SW)

Firm to dense grayish-brown
fine to coarse SAND and small
to large GRAVEL, wet

(SW/GW)

Firm gray silty fine to coarse
SAND, some small to medium grave

1 wet (SM)

Very dense to firm light gray
fine to coarse SAND and small tc
large GRAVEL, trace'silt, wet

(SW/GW)

-

(See next page)

Boring Log Continues
| | | yocc IICAU ynnc/

TESTING SERVICE*.Approx i raate a n c o n f i n e d
.. i j ...
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PROJECT TEST BORINGS & MONITORING STATIONS, BLACKWELL FOREST PRESERVE

n IPMT FOREST PRESERVE DIST. OF DU PAGE COUNTY. 881 W. ST. CHARLES RD.,LOMBARD

HQBIMG Sta. 16COn't.QATE STABTFP S-IA-flH DATE COMPLETED 5-l/,-8Q JOB U^SS-

(SW

GROUND SURFACE

END OF BORING

WATER TABLE

AT END OF BORING

34 HOURS.
> While Drilling -13.0'

*?! SHEET 2 of 2
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:e.

E L E V .
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SOIL DESCRIPTIONS

Very dense light grayish-brown
sandy (coarse) small to large
GRAVEL, occasional cobbles, wet

(GW)

BOULDER from -43.0 to -45.0'

Auger refusal at -46.0' a t t r "u t
to BEDROCK or BOULDER >-x

J
J
_0

to _
o

TESTING SERVICE CORPORATION



PROJECT TEST BORINGS & MONITORING STATIONS. BLACKWELL FOREST PRESERVE

FOREST PRESERVE DIST. OF DU PAGE COUNTY. 881 W. ST. CHARLES RD.. LOMBART

BORING Sta. 17 DATE STARTED.

ELEVATIONS

GROUND SURFACE '

END OF BORING

5-19-80 DATE CQMPLETPD5-19-80 JQ&17.458

WATER TABLE

AT END OF BORING—

24 HOURS
1 > While Drilling -13.01

Z III
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SOIL DESCRIPTIONS

FILL - Black clayey TOPSOIL

Very dense brown clayey small
to large GRAVEL and fine to
coarse SAND, occasional cobbles,
moist (GC/CL)
Very tough brown silty CLAY,

1 trace sand and gravel, moist(CL)

Firm brown to reddish-brown
clayey medium to coarse SAND
& small GRAVEL, moist (CL/GC")

Firm to very dense brown fine
to coarse SAND, trace clay,
moist to wet at 13.0' (SW)

Loose gray SILT, very moist (ML)
with seams of silty clay

Very dense to firm gray small
to large GRAVEL, fine to coarse
SAND and COBBLES, wet (GW)

I Dense gray clayey SILT, very
1 moist (ML)

1 * -
Q - A p p r o i i m t t i t n c o n f i n e d t o m p r e s s i

s t r e n g t h b a s e d e n m e a s u r e m e n t s •
a c a l i b r a t e d p o c k e t p e n e t r o m e t e r .

ue

o _,

u
§

TESTING SERVICE CORPORATION



PPQIFCT TEST BORINGS & MONITORING STATIONS. BLACKWELL FOREST PRESERVE

rt IFMT FORFST PRFSFRVF. nTST. OF DU PAGE COUNTY, 881 W. ST.

BORING. Sta. 13 8TABTEP 5-13-80 C Q U P L E T F P 5-13-80 JQH 17.45C

ELEVATIONS

GROUND SURFACE

i TlND OF BORING

z ui
K >

S S SAMPLE
NO. FTYPE N we

WATER TABLE

AT END Of »QPmr. ~ '

While Drilling -15.0'
Sheet 1 of 2

DEPTH ELEV. SOIL DESCRIPTIONS
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:«.;*-•

•:•••"•
•'»::••!*
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3bi
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7t

ss
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20

28
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23

34

27

51

26

21.5
22.1

30.4 3.5

18.0
19.0

27.0

39.0
22.5 2.75

FILL - Brown and gray silty CLAY,
little sand and gravel

(CL)

Firm to dense grayish-brown fine
to coarse SAND and small to large
GRAVEL, trace silt to 15.0',
moist to wet at 15.0' (SW/GW)

5" clayey sandy silt seam at

Firm gray SILT, little to some fi
-v sand, trace clay, wet (ML)

Loose to firm gray clayey SILT,
little fine sand, very moist ' ' )

Firm reddish-brown fine to coarse
SAND, little gravel, wet (SW)

Firm brown fine to coarse SAND
and small to large GRAVEL, wet

(SW/GW)

Firm brown fine to coarse SAND,
little to trace small to medium
gravel, wet (SW)

J
Very tough grayish-brown silty
CLAY, little sand and gravel,
moist (CL)

TESTING SERVICE CORPORATION



PROJECT TEST BORINGS & MONITORING STATIONS, BLACKWELL FOREST PRESERVE

CLIPWT FOREST PRESERVE DIST. OF DU PAGE COUNTY, 881 W. ST. CHARLES RD.. LOMBAI

BORING
Sta. 13

DATE STARTED
5-13-80 DATE COMPLETED. 5-13-80 JOB 17,4:

ELEVATIONS

GROUND SURFACE

WATER TABLE
AT END OF HOPING -16.0'

END OF BORING. 24 HOURS.
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SOIL DESCRIPTIONS

Hard to tough brownish-gray to
gray silty CLAY, little to some
sand and small gravel, moist (C
6" sandy silt seam at 39.5' ; sa
pockets from 45-47'

Dense gray SILT, trace fine sar
~\ and clay, very moist (ML)

Layers or very tougn gray si-it)
moist (CL) and firm gray claye}

-i very moist (ML) occasional sane
-i\ silt seams
\ Dense gray medium to coarse SA1
\ and small GRAVEL, wet (SW) ; 3"
\ vprv d&nse sandv silt seam at '

-i Weathered light gray DOLOMITE c
1 BOULDER

• A p p r o i i m i t t • n t o n f i B e a* c o m p r e s s !
s t r e n g t h b < s t d o n n e i s u r e m e n t s t
t c < l i b r « t e d p o c k e t p e n t t r o m e t e r .

45-
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55-
0u.

u
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u
c
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80'



PROJECT
TEST BORINGS & MONITORING STATIONS, BLACKWELL FOREST PRESERVE _

FOREST PRESERVE DIST. OF DU PAGE COUNTY, 881 W. ST. CHARLES RD., LOMBARD

Sta. 14 DATE STABTED 5-15-80

ELEVATIONS

°\
GROUND SURFACE

END OF BORING—

DATE COMPLETED 5-15-80 JQB 17,458

WATER TABLE

AT END OF mopmr. -2S.Q1

24 HOURS „
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SOIL DESCRIPTIONS

FILL - Darlc brown silty CLAY,
*\ some sand & gravel (CL)

Firm grayish-brown fine to coarse
SAND and small to medium GRAVEL,
moist to vet at 13.0' (SW/GW) ;
sandy silt layers from 13.5' to
14. 51; 3" seam of brown silty
clay at 14.7'

^

Very tough to hard gray silty
CLAY, trace sand and gravel,
moist (CL)

Layers ot very tough brownish-gra;
very silty CLAY (CL) ; very tou<*^
hard gray silty CLAY (CL) and .-
brownish-gray clayey SILT (ML);

~~\ trace sand and gravel, moist

Hard to very tough gray silty
CLAY, trace sand and gravel,
moist (CL)

Layers of very dense gray clayey
SILT (ML) and hard gray very silt'
CLAY (CL); trace sand and gravel,
moist; 4'' seam of sandy silt @ 28

**
Free water did not enter the H.S.
auger until several feet "below th
depth, but the material in the
sampler was wet below this depth.

- A p p r o i i a t t t • •co i f i i td c « « p r t u i o i
i t r i i f t k b a i t d • • B t u i ' t M c i t i « i
• i i l i b r i t i d p o c k t t M i t t r » « e t t r .

TESTING SERVICE CORPORATION



PROJECT TEST BORINGS & MONITORING STATIONS. BLACKWELL FOREST PRESERVE

FOREST PRESERVE DIST. OF DU PAGE COUNTY, 881 W. ST. CHARLES RD.t LOMBARD

STABTFP 5-15-80 DATE COMPLETED 5-16-80 JOB 17.458

L .

Bopmr. Sta. 15 DATE
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3.0
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ELEV. SOIL DESCRIPTIONS

FILL - Brown and gray silty CLAY
(CL) and clayey SILT (ML) ;
some sand and gravel;

-i cobble from 2.5* to 3.0*

Firm to dense light grayish-brown
sandy (fine to coarse) small to
large GRAVEL, trace silt, damp

(GW)

Firm to loose light grayish-brown
fine to coarse SAND and small to
medium GRAVEL, trace silt, damp

(SW/GW)
Loose light grayish-brown tine to
coarse SAND, little small gravel,
moist (SW)

Firm to loose light grayish-brown,
fine to coarse SAND and small to
medium GRAVEL, damp (SW/GW)

-, Hard brown very silty CLAY, little
1 gravel, trace sand, moist (CL)

Very tough to hard gray very
silty CLAY, trace sand and gravel,
moist (CL); occasional silt seams
below 33.0'

Very dense to firm gray SILT, trac
to little clay, trace sand and
gravel, moist (ML); 5" silty clay
seam at 37.5'; occasional wet sand
seams below 38.5'

Su.
.£
•u

0

TESTING SERVICE CORPORATION



p ROJ E CT TEST BORINGS & MONITORING STATIONS, BLACKWELL FOREST PRESERVE _

n IPMT FOREST PRESERVE DIST. OF DU PAGE COUNTY. 881 W. ST. CHARLES RD., LOMBARD

ROBING Sta. 15 DATE STARTED 5-15-80 OATE COMPLETED 5-16-80 JOB

ELEVATIONS WATER TABLE
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IfDRY DEPTH

46.0

51.0
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60.0

66.8
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ELEV.

AT END OF BORING -40.0'

<li HQUBS
While Drilling -51.0'

SHEET 2 of 3

SOIL DESCRIPTIONS

Dense to very dense gray very
clayey SILT, little to some sand
and gravel, moist (ML); occasional
wet sand seams; 10" layer of
gray silty clay at 43.0'; 10"
sandy silt layer at 45.2'

Hard gray silty CLAY, little
sand and gravel, moist (CL'

Firm to dense gray fine SAND,
wet (SP); occasional silt and
silty sand seams

Dense gray fine to coarse SAND,
trace silt, wet (SW)

Hard gray silty CLAY, trace sand
f ravel, moist (CL) with layers o
ine to coarse SAND, trace silt,

\ wet (SU)

Dense to very dense gray cla
very sandy SILT, little gravel,
moist (ML); occasional se-.ms of
silty clay and sand

Firm to very dense fine to coars
SAND, wet (SW); 6" sandy silt
seam at 69.5'

Very dense gray clayey very san<
SILT, little gravel, moist (ML)
occasional sand seams; boulder

"\ from 72. 51 to 73.5'

Very dense gray sandy (fine) SI
very moist (ML) ; occasional sea
of silty fine sand and clayey s
cobble at 79.4'

S jj

TESTING SERVICE CORPORATION



CLIENT.

BORING.

TEST BORINGS & MONITORING STATIONS. BLACKWELL FOREST PRESERVE

FOREST PRESERVE DIST. OF DU PAGE COUNTY. 881 W. ST. CHARLES RD.. LOMBAJ
Sea. 15

DATE STARTED.
5-15-80 5-16-80 JQH 17.45c

ELEVATIONS WATER TABLE

GROUND SURFACE
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AT END OF BORING. -40.O1

24 HOURS.
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SOIL DESCRIPTIONS
very dense gray sandy (tine) SJILT.

-Oferv moist Q1L)
Very dense gray fine to coarse
SAND and small to large GRAVEL,

~\ trace silt above 82.0', wet
(SW/GW)

Weathered light gray DOLOMITE
or BOULDER

• A p p r o x i m a t e • n c o n f i n e d c o m p r e s s i o r
s t r e n g t h b a s e d o n • e a s u r c m e i i t i * r i
a c a l i b r a t e d p o c k e t p e n e t r o m e t c r .

TESTING SERVICE CORPORATION



PPQIPCT LEACHATE MONITORING WELLS, BLACKWELL FOREST PRESERVE, PUPAGE COUNTY, ILL.

FOREST PRESERVE DIST. OF DUPAGE CO.. P.O. BOX 2339, GLEN ELLYN, ILL.

BQBIMC G-121 DATE STABTPD 4-29-82 OATE COMPLETED 5-03-82 18,766

ELEVATIONS

GROUND SURFACE 702.2

END OF BORING 682 . 2

VATE* TAiLE

AT END OF KOPiur. CAVE 0 - S. Q

24 HOURS.
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SOIL DESCRIPTIONS

L, Black clayey TOPSOIL
Stiff brown sandy CLAY, some silt,

1 some gravel, moist (CL)
Loose brown fine SAND, little small
gravel, damp (SP)
Dense light brown small to large
GRAVEL and medium to coarse SAND,

T damp (GW-SW)
Very dense brown sandy (medium to
coarse) small to large GRAVEL y '

~] COBBLES, a few boulders, damp(GNM/
Dense brown medium to coarse SAND

- and small to large GRAVEL, a few
boulders, saturated (SW-GW)

Dense to firm brown medium to coar£
SAND and small to large GRAVEL, a
few boulders, saturated (SW-GW)

Firm brown sandy coarse small to
large GRAVEL and COBBLES, a few
boulders, saturated (GW)

^
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ip on
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PROJECT
LEACHATZ MONITORING WELLS, BLACKWELL FOREST PRESERVE, OUTAGE COUNTY, ILL.

n IPUT FOREST PRESERVE DIST. OF DUPAGE CO., P.O. BOX 2339, GLEN ELLYN, ILL.

BORING_G=j_2JL

GROUND SURFACE

END OF BORING—

DATE STABTEP 4-29-82

ELEVATIONS

7 04 . 8

DATE COUPLETED 4-30-82 JQK 18,766

WATER TAIUE
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678.8 24 HOURS.
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SOIL DESCRIPTIONS

~\ FILL - Black clayey TOPSOIL

1 FILL - Brown clayey fine to medium
SAND, little silt, moist(SC)

FILL - Brown silty CLAY, little
1 sand and gravel, moist (CL)
FILL - Brown, black and gray silty

1 CLAY, little sand and grave]
1 moist (CL)
FILL - Brownish-gray silty CLAY,

-i trace gravel, occasional
sand seams, moist (CL)

3" sand and gravel seam @ -5.5*

FILL - Brown sandy CLAY, some silt;
little small gravel, moist

(CL)
Firm gray light brown and brown
sandy SILT. Some small to medium
gravel, moist (ML)

Dense gray medium to coarse SAND
and small to large GRAVEL, very
moist (SW-GW)

Dense to firm gray coarse SAND and
-i small to large GRAVEL, saturated
1 (SW-GW)
Firm brown coarse SAND and small
to large GRAVEL, saturated (SW-GW)

™*

Firm to dense light brown fine to
coarse SAND and small to medium
GRAVEL, saturated (SW-GW)

tg well
itary
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imp on

91
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PBQIECT L£ACHATE MONITORING WELLS. BLACKWELL FOREST PRESERVE, DUPAGE COUNTY, I

"FOREST PRESERVE DIST. OF DUPAGE co., P.O. BOX 2339, GLEN ELLYN, ILL.
BORING G-123 DATE STABTPP 4-29-82 DATE CQMPLgTEP 5-03-82 JQK 18.7

ELEVATIONS WATE« TAiLE

GROUND SURFACE 706.2 AT END OF ROB IMC - lO.S TFFT

END OF BORINC 682.2 HOURS
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SOIL DESCRIPTIONS

"1FILL - Black clayey TOPSOIL
11 FILL - Gray small to large GRAVI

1 some coarse sand, moist (G

-i FILL - Gray silty CLAY, trace gr
moist (CL)

i
, FILL - Brown silty CLAY, little

gravel, moist (CL)
Very dense brown small to large
GRAVEL, some coarse sand, dar (

j

Very dense light brown large GR/
and COBBLES, little sand, damp (

Very dense to dense light brown
" small to large GRAVEL, COBBLES,
BOULDERS and fine to coarse SANI
damP (GW-SW)

Dense brown fine to coarse SAND
and small to medium GRAVEL, sati

1 . (SW-GW)

Very dense brown fine to coarse
SAND and small to large GRAVEL,
saturated (SW-GW)

Dense 'to firm brown and gray net
-. to coarse SAND and small to ? -{
1 GRAVEL, saturated 'PT7-GW). ,.

"1 Firm gray SILT, trace sand, sat\

Dense gray small to large GRAVE]
COBBLES, some coarse sand, satu:

(GW)

g well
tary
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i
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imp on May 4, 1982
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PROJECT BLACKWELL FOREST PRESERVE

C L I E N T FOREST PRESERVE DIST. OF DU PAGE CO.. P.O. 2339. GLEN ELLYN. ILLINQTS

B O R I N G . 0-124

GROUND SURFACE

PATE >TA»Tga

ILIVATtONS
712t9

6-15-84 BAT, 6-15-84 20.530

WAT It TAIL*

AT END OF BORING

END OF BORING
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SOIL DESCRIPTIONS

PILL; Dark brown sandy (fine)
1 clavev SILT (ML)

Firm light brown fine SAND, trao
to some silt, trace roots, moist

(SM)
Layers of sandy silt below 5'

(Sample 3B)

Finn grayish-brown clayey SILT,
— 1 1 trace roots (ML)

Very tough brownish-gray silty
CLAY, trace sand and gravel,

^

moist (CL)
Dense brown-gray silty gravelly
SAND, moist (SM)

1 Firm brown gravelly (small) fine
1 to coarse SAND, wet (SW)

Very tough grayish-brown silty
CLAY, trace sand and gravel,
moist (CL)

•

s t M i f t b b t t t d • • • t i s i r c B t a t s « i t k
• c t l i b r i t t d 9«cki t p « i « t r » M « t * r .
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BLACKWELL FOREST PRESERVE

CLIENT FOREST PRESERVE DIST. OF DU PAGE CO., P.O. 2339. GLEN ELLTO. ITT

BORING G-125 DATE STABTPP 6-15-84 DATE cotiPLgTgp 6-15-84 JOB 20.530
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SOIL DESCRIPTIONS

FILL; Brown clayey very sandy
SILT, some gravel

OIL-CL)

Dense brown gravelly (small to
medium) fine to coarse SAND,
trace silt and clay, occasional

1 thin clayey sand and gravel
I seams, moist (SW-SM)

Dense brown gravelly (small W
medium) fine to coarse SAND,
very moist (SW)

Hard gray silty CLAY, trace
sand and gravel, moist (CL)
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PROJECT BLACKWELL FOREST PRESERVE

CLIENT FOREST PRESERVE DIST. OF DU PAGE CO.. P. 0. 2339. frr.ru rnw

BORING G-126 DATE ITAlTtft 6-18-84 DATE 6-18-84 JOE 20,530
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SOIL DESCRIPTIONS

FILL: Dark brown clayey TOPSOIL
T fOH)

FILL: Brown silty CLAY, some
•j sand, trace gravel (CL)

Very dense brown fine to coarse
SAND and small to large GRAVEL,
occasional cobbles and boulders,
moist to wet; 4" silt seam
encountered at 8'

(SW-GW)

Firm grayish-brown medium to
coarse SAND, little gravel,
wet (SP)

Firm to dense gray and brown fine
to coarse SAND and small to large
GRAVEL, occasional thin silt
seams, wet (SW-GW)
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BLACKWELL FOREST PRESERVEPRO-ECT_
CLIENT FOREST PRESERVE DIST. OF DU PAGE CO., P. 0. 2339. GLEN ELLYN, ILLINOIS

BORING. G-127 DATE VTABT»P 6-18-84 OATE CQMM.JTIO 6-18-84 20.530
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SOIL DESCRIPTIONS

FILL: Dark brown clayey TOP SOIL,
1 trace sand and gravel (OH)

FILL: Brown, gray and black silt}
CLAY, some sand, little
gravel (CL)
Clayey sand and gravel
layer encountered at 3.5'

1 (Sample 2TO

_ Brown silty CLAY, trace sand^x
1 and gravel, moist (CL)

Dense brown fine to coarse SAND
"1 and small to large GRAVEL, moist

1 (SW/GW)
r»pn«!*» brown and srav STLT trace

-. clay and fine sand, very moist;
occasional wet sandy silt seams

(ML)
Tough gray silty CLAY, moist (CL
occasional thin wet sand seams

Firm to dense brown to brownish-
gray fine to coarse SAND and
GRAVEL, wet (SW/GW)
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lethod and reamed by
Revert.
.
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1 into place



P»0-£CT BLACKWELL FOREST PRESERVE

C L I F N T FOREST PRESERVE DIST. OF DU PAGE CO., P. 0. 2339, GLEN ELLYN, ILLINOIS
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Tfo 6-19-84 DATtrounfTrn 6-22-84 JOB 20. 530

9
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DN: 1 + 88 S
17 + 16 W

N
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41•V^

71
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50
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MA *>28.2
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01.9
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687.1

£. T ̂  *677.7

WAT 11 TABLE
AT fun ft* anoikir.

04 MAIIBt

•MM? o m t L i N G -11 !/2 Ffiet
SHEET 1 OF 3

SOIL DESCRIPTIONS

1 Black clayey TOPSOIL, trace
sand and gravel (OH)

Firm to dense brown gravelly
(small to large) fine to coarse

1 SAND, moist (SW)
Very tough brown silty CLAY,

| little sand and gravel, moist (

Dense to very dense brown fine
to coarse SAND and small to
large GRAVEL, a few cobbles,
occasional boulders below 14',
moist to wet

(SW/GW)

Very dense gray SILT, trace cla
[ and sand, very moist (ML)

Very dense to dense gray fine
. to coarse SAND, small to large

GRAVEL and COBBLES, wet

(SW/GW)

•

•

Firm to very dense gray sandy
SILT, some gravel, trace
clay, moist (ML)

TESTING SERVICE CORPORATION



PROJECT BLACKWELL FOREST PRESERVE
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0 SU

F BO

SA
NO.

21

k

RFACI

RING

ELEVATIONS

c 705.9

649.9

MPLE
[TYPE

SS

SS

End

MON1

&
Wj

bj

3 W]

G

N

21

65

of B

TORI1

ring
s coi
t an<

LLS :

- 121

i. :
2.

3. <

4. :
5.

we

8.3

ring

G WEL

initi
plete
Reve

NSTAL

D (In

ottom

ackfl

ravel

enton

teel
nto p

Q-
3.5*

at -

NOT

lly
by

t.

ED

tall

of 1

shed

pack

te s

rote
.ace

IfDRY

56. C

S

idvan
he x

id ic

)' P\

Witt

fron

.urr^

ctivc
over

DEPTH

42.5
43.5

Feet

ced b
otary

orig

C scr

clea

54.5

from

pipe
PVC w

ELEV.

663.4

662.9

methc

nal 1

en at

i vat<

to t

40' t

cone:
•11 a

WATER TABLE

AT END Of RORINC

WHILE DRILLING -11 1/2 Feet

SHEET 2 of 3

SOIL DESCRIPTIONS

Firm to very dense gray sandy
S^ILT, some gravel, trace clay,

, moist (ML)
Very dense gray silty GRAVEL, wei

1 (GM)

BEDROCK (Dolomite)
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TESTING SERVICE CORPORATION See Sheet 3 For
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PROJECT BLACKWELL FOREST PRESERVE

CIIPMT FOREST PRESERVE DIST. OF DU PAGE CO., P. 0. 2339, GLEN ELLYN, ILLINOIS

CORING G-128 cont. OATE STA»TIP 6-19-84 OATE COMPLETED 6-22.84 JQB 20,530
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SHEET 3 OF 3
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BLACKWELL FOREST PRESERVE

CIIEMT FOREST PRESERVE DIST. OF DU PAGE CO., P. 0. 2339, GLEN ELLYN, ILLINOIS

•ORING c - *29 DATE iTA»Tgo 6-25-84
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GROUND SURFACE

END OF SORING
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WATU TA1LI

AT END OF SORING

20,530

> LOCATION: 1 + 70 N
20 4- 35 W

84.HOURS

WHILE -8.0 Feet

u

8

0 1

•̂H

^•M

^

n
t— _

—10

——

-

—15

•«•

—20
^

*™

^™

25
_

—

—30

-

35—

J0_

cc
2 U
•I W
- I K

Xf ,•*?

• x f
\ T \< y
' }

1 >

' y ~j

P
fjj£

5fi'
'»Viv
>,- «;

^

vi.'C
'{!?i

ti$

SA

NO.
^^_^__

)ff^B

B2B

^

All 4

~U
An 5

M\n 6
n ?
IM 8

(n 9

MPLC

SS

SS

SS

SS

SS

SS

SS

SS

End

MONI

1.

2.

3.

4.

5.

6.

N

9

38

9

75

77

30

26

60

Df B(

CRIK

Bore
but
a 6'

Bott

Bacl

Gra>

Bent

Ste<
pla<

we

22.2

30.5
21.9

n e. J

22. 4

ring

J WELI

hole
was cc
bit i

am of

flush<

el pa<

onite

1 proi
e ove:

Q¥ j^DRY

2.0*1

1.25<

^

at -

NOTl

init:

18.0

S

ally
mpleted b
nd RfWert

J
10' IVC a

d wi1

c fr<

pell

ecti'
wel

h cl

m 17

ts f

e pi
cas

DEPTH

0.5

3.0

8.0

Feet

advat
the

,reet

Kan wj

5' t<

rom 6

?e cot
.ng.

ELEV.

700.4

697.9

692.9

•

ced b
rotaz

at 17

ter.

6».

to 2

crete

SOIL DESCRIPTIONS

1 Black to dark brown clayey
TOPSOIL rom
Very tough to tough brown silty

1 CLAY, trace sand, gravel and
[ organic, moist (CL)

Brown sandy silty CLAY, little
gravel, moist (CL)

^^^

Very dense to firm gray fine
to coarse SAND and small to
large GRAVEL, a few cobbles,
wet; 3" clay seam at 13 1/2'

(SW/GW)
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BLACKWELL FOREST PRESERVE
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i suRFACf 708.6

BOBIMG 685.2
LOCATION: 7 + 92 N
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SOIL DESCRIPTIONS

1 Black to dark brown clayey
TOP SOIL (OH)

Hard brown silty CLAY, trace
sand and gravel, moist (CL)

Firm to very dense brown medium
to coarse SAND and small to
large GRAVEL, damp to wet

(SW/GW)
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PROJECT BLACKWELL FOREST PRESERVE: PU PAGE COUNTY. ILLINOIS

FOREST PRESERVE DISTRICT OF DU PAGE CO.. P. 0. BOX 2339. GLEN ELLYN. IL.CLIENT

BORING C-131 DATE STARTED

ELEVATIONS

GROUND SURrACE

4-1-85

704.5

DATE COMPLETED *-8-85** JOB 21,288
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WHILE DRILLING "10-5 Teet
5HEET 1 OF 2

SOIL DESCRIPTIONS

., FILL: Black clayey TOPSOIL (OL}

FILL: Brown silty CLAY, some
I s a n d a n d gravel, trace

topsoil (CL)

FILL or DISTURBED: Brown silty
fine to coarse SAND and
small to large GRAVEL

(SM/GM)

^^

Dense to firm brown fine to
coarse SAND and small to mediuc
GRAVEL, moist to wet

(SW/GW)

Firm to dense brown to gray
fine to medium SAND, little
to trace gravel, wet (SF)

Very dense to firm gray medium
to coarse SAND and small to
large GRAVEL with cobbles and
boulders, wet <SW/GW)

Very tough to hard gray silty
CLAY, little sand and gravel,
moist (CL)

Dense to firm layers of gray
fine SAND and SILT, trace
gravel, moist (SP,ML)

Firm to dense gray silty SAND,
some gravel, moist (SM)
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TESTING SERVICE CORPORATION
BORING LOG CONTINUED



PROJECT BLACKWELL FOREST PRESERVE; DU PAGE COUNTY, ILLINOIS

FOREST PRESERVE DISTRICT OF DO PAGE CO., P. 0. BOX 2339. GLEN ELLYN. IL

G-131 Cont. DATE STABTEP .4-1-85
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DATE COMPLETED 4-8-85** JOB 21.288
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WHILE DRILLING: -10.5 Feet
SHEET 2 of 2

SOIL DESCRIPTIONS

I Firm to dense gray silty SAND,
some gravel, moist (SM)

BEDROCK: DOLOMITE, weathered
near top

LATION NOTES

illed by rotary method
cond hole was drilled
earned with an 8" bit to
ipe was installed in each
was pumped through drill

ole. The entire annular
pipe was filled with

s for the grout to set,
o rock with a 3 3/4" bit.

for each well was flushed
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PROJECT BLACKWELL FOREST PRESERVE; DU PAGE COUNTY. ILLINOIS

FOREST PRESERVE DISTRICT OF DU PAGE CO.. P. 0. BOX 2339. GLEN ELLYN. II

. DATE COMPLETED 4-9-85** JOB 21.28

WATER TABLE

AT END OF BORING

CLIENT

BORING C-132 DATE STARTED 4-3-85

ELEVATIONS

GROUND SURrACE__ 724.7
631.7

u

uo
2
K

tn

<n

bl

\ 7

~~ W

^™" fla.

— rc
-

"1ID— j
-B:|
— jj$
— vi

— t20"~-!JL:|
23 jyj

%
fi

__ > •

^™ 1 '

33 \
1 '

• i<*f
' t

— '

OCATION: 1187.9 N
* 544.5 WJE S ** Date of well completion !

S ?. SAMPLE
J« NO.

')d *
ivl 2
ijjjj 3

1*bQHXl5
iffl
:Vl6

^
C\i 7lAn,'rU

^l8
£jY| 9

:AB
(Vlio

'•(/•

iiffl12
;AU
^yii3
Iffl A?Wi«i

;:=Si5
Ol( W^ y«i7*• AH

y Vll8
» LM

'F
^)fl20

TYPE

SS

SS

SS

SS

SS

SS

SS

SS

SS

SS

SS

SS

SS

SS

SS

SS

SS

SS

SS

SS

N

NO I

55

53

64

62

51

78

36

43

44
•

42

27

27

50

47

24

42

32

49

18

we

ECOV1

16.3

19.5

20.3

24.7

16.8

Ou

RY

2.75

2.5*

2.25

1.0*

2.5*

*DRY

t

DEPTH

0.7
1.5

24.5

27 5& • • J

30 2«^W • fc

38.5

ELEV.

24.0
23.2

700.2

697.2W J 1 • *•

694 5w j •* * ̂

686.2

•5^ n TAn<-yyuif fr PRILLING *J.u reeL
SHEET 1 OF 3

SOIL DESCRIPTIONS

FILL: Black clayey TOPSOIL (0
FILL: BOULDERS and COBBLES

Very dense to firm brown siltj
SAND and small to large G7 TI
few cobbles and boulders, "r^tt
to some clay, moist to wet

(SM/GM)

-

—

Firm brown fine to coarse SAN
and small GRAVEL, saturated

(SP)

Dense brown fine sandy SILT,
occasional small gravel,
saturated (ML)

Tough to hard gray silty CLAY
trace to little sand and grav
moist (CL)

(6" COBBLE - 32' - 32 1/2')

..

J Hard gray very silty CLAY, sc
sand and gravel, moist (CL/MI

01
TESTING SERVICE CORPORATION



pBQigcTBLACKWELL FOREST PRESERVE; PU PACE COUNTY. ILLINOIS

n IEUT FOREST PRESERVE DISTRICT OF DU PAGE CO.. P. 0. BOX 2339. GLEN ELLYN, TL

G-132 Cont. DATE

ELEVATIONS

GROUND SURFACE 724 -7

4-3-85 DATE COMPLETED 4-9-85** JOB 21.28?

WATER TABLE

AT END OF BORING _ . _

END OF BORING. 631.7 a* HOURS
>
K

11
* U

AO J K

•

^^

45
-

50—

—

~"
«•
•

£ ~~

j "
^60 —^o _

« —

! -
w —
°65 —

—

70 —
^^

«^~

•̂H

^^H

75

•̂H

an —

^ ^4

y '

y. <
% •

&
Ar • t
{ >
'2 i

^ » /

I"''/H *

,; {
*S ,
T. i
<>
X /

.

^
A

y C

W '

*\

A
ov
/n-

.'«> , •• >9

. b t

• '
i

i

V
r1

-r1

S
i

f1-
-r1

LOCATION: 1^ .̂| jj WHILE DRILLING: -23.0 Feet
** Date of well completion SHEET 2 of 3
SA

m:i
\H

I22
^^•l

V|23

7|24
!••^B

AB A

S2&B

I27
\B

vl:8
Allw

I29

n30

f^f
¥•31
Jl
M p2

S«33i\ rn

JH35

j —

36

MPLE
[TYPE

SS

SS

SS

SS

SS

SS

SS

SS

SS

SS

SS

SS

SS

SS

SS

SS

N

39

59

41

46

49

J6/13

40

51

34

32

30

38

66

16/K

.5/5

LOO/«

we

10.6

10.4

L2.9

LI. 3

L4.9

25.2

L9.6

L2.7

12.2

13. 0

L3.2

10.7

Q»

4.5+

4.5+'

4.25'

3.0*

3.5*

3.75'

3.0*

3.25'

2.25'

2.75'

2.75'

2.25'

IfDRY DEPTH

46.5

50.8

52.3

64.5

70.8

•

ELEV.

578.2

673.9

572.4

660.2

753.9

SOIL DESCRIPTIONS

Hard gray very silty CLAY, somi
sand and gravel, moist (CL/ML)

(COBBLE - 46' - 46 1/2')

Hard gray silty CLAY, trace
sand and gravel, moist (CL)

Very dense gray SILT, little t
some fine sand, saturated (ML)

1

Very tough to hard gray silty
CLAY, trace sand and gravel,
moist (CL)

(Thin sand layer - 53 1/2' to
53 3/4')

Dense brown gray fine sandy
SILT, little gravel, moist

(3" sand and gravel layer
between 63 3/4' to 66')

BEDROCK: Gray DOLOMITE

TESTING SERVICE CORPORATION



PHOJECT BLACKWELL FOREST PRESERVE; DU PAGE COUNTY. ILLINOIS

CLIENT FOREST PRESERVE DISTRICT OF DU PAGE CO.. P. 0. BOX 2339. CLgN ELLTO. TL

ii
•ORING G-132 Cont. DATE STARTED

ELEVATIONS
•ROUND SURFACE
END OF BORING

4-3-85

724.7

631.7

DATE COMPLETED 4-9-85** JOB 21.288

WATER TABLE

AT END OF BORING

24 HOURS
LOCATION: 1187.9 N

S ** Date of well completion
WHILE DRILLING
SHEET 3 OF 3

-23.0 Feet

80-

85-

• m. .' r1'

90-

fc
w
h.

Z 95.
wu

100"
wu

tn
5IOJ

110

115-

120

_ s
••

•••

•M

•̂ H

••••

^•M

«•••

•̂ •i

•••I

—

—
^^

—

(— —

~~

—S

-B—

•••

••••

\ —
^^M

•̂

•̂•M

) —

I

V
•r1

-4i
i

-r1-
r

V
r1

ii
-r1
i

SAMPLE
NO. TYPE

End

DRII

Orij
usii
hol<
of {
ris<
was
hol<
pip«
grot
3 3)
flU!

intc

G-I:

c-i:

of B<

LING

inal
g 3
vas

31;
r pi
pump
. T
vas

t to
4" b
hed '
pla

2D:

2DD:

•

^•jf*we

ring

AND :

pilo
/A"
dril
Both

>e va
d th

le en
fill
set,
t.
rith
:e ov

Bott
Bott

Bott
Bott

°*

at

ONII

hoi
it c
ed i
hole

i ins
ougt

ÔDRY

-93.0

ORING

e vas
nd RCA
rom 0'
s ver<
tallec
dril:

ire (annul i
id vdth gr<
the
lie c
:lear
:r ec

>m oi
>m oi

>m oi
>m oi

icles
pen he
wate:

ch we!

case<
open

casec
open

V^lWV\JDEPTH

Feet

WELL

drill
ert t
to t
ream
in e
rod

r spu
ut.
were
le (i
. A
1.

veil
hole:

veil
hole:

•Pi iPi_*ELEV.

LNSTA

ed an
3 a d
tie NW
ed v±
ach h
.over
^ pi
After
advan
Q roc
steel

: 73'
83'

: 831

93'

• •*% || f\f IB^ • 1 A^ l«« iLfe ̂SOIL DESCRIPTIONS

BEDROCK: Gray DOLOMITE

-

LATION NOTES FOR G-132D & G-132DD:

sampled by rotary method
pth of 73'. A second
by the same method to a depth
h an 8" bit. A" solid PVC
le. Cement grout with bentonite
d to the bottom of the
s inside cJ ,Jttom of PVC
allowing several days for
ed deeper into rock with a
) and casing for each well was
protector pipe vas concreted

- A p p r o x i m a t e e n c o n f i n e d c o m p r e u i <
s t r e n g t h b a t e d o a M e a s u r e m e n t s w
• c a l i b r a t e d p o c k e t p e n e t r o n e t e r .

TESTING SERVICE CORPORATION



PROJECT BLACKWELL FOREST PRESERVE; DU PAGE COUNTY. ILLINOIS

CUENT FOREST PRESERVE DISTRICT OF DP PAGE CO.. P. 0. BOX 2339. CLEN ELLYK. TT

BORING G-133 DATE STARTED 4-9-85

**

GROUND SURFACE

END OF BORING

706.0
633.0

LOCATION: 614.5 S
2089.7 W

DATE COMPLETED 4-16-85** JOB 21.28E

WATER TABLE

AT END OF BORING

24 HOURS

WHILE DRILLING
SHEET 1 OF 3

-12.5 Feet

5-1

__̂

10

^•M

,3 ""

—

—

™""

—

—
—

•••

30
~~
~

-r__

35—

^^

—̂~
AO* —

^
ri
\y
* ft*W$

£??
IP
•$:

*§?
;J «
£\i
$
KiK
*$

5-S
•̂S*
££
J-fc:

£$
*'*"»•".?•?
'T4-1"'v/
'̂ ';«5?
fc:^

'of
aI541 ft

.M
J. ' . j
1 . 1

I 1 *'
1 ', \
* c •*

* ( >
;'4
i >

5« (

.3 '
, 1

!| ""

5 S SAMPLE
J« NO.

W 2 B

XI 3

/I 4

fflVI 3
y|6
Yl 7AH•Uy | s
71

Vlo
ffl°V« i\ Hr^

3D,
An12

m
Ar4

Y ^B^^

y ^HJ. D

SIT*
ABi
Vis
^ff
PU,Vn20

/ŷ i

TYPE

SS

SS

SS

SS

SS

SS

SS

SS

SS

SS

SSW W

SS

SS

SS

SSWk?

SSW **

SS

SS

SS

SS

N

19

28

42

30

43

58

57

35

35

26
-

25^J

27

>0/5

37

52w^

46

47

48

71

>0/6

we

30.7

14.7

0U

2.5*

^DRY DEPTH

2.5

16.2

26.0

30.2

33.2

36.0

ELEV.

03.5

689.8

680.2

675.8

672.8

670.0

SOIL DESCRIPTIONS

FILL: Brown to dark brown silt;
CLAY, little sand and

T gravel, moist (CL)

Firm to very dense brown fine
to coarse SAND and small to
medium GRAVEL mixed with a
little brown clay between 2.5'
3.51, moist to saturated at
12. 51

(S?)

Firm to very dense brown and
gray fine to coarse SAND and
small gravel, saturated

(SP)

Dense to very dense gray medi
to coarse SAND and small to
large GRAVEL, occasional cobb
little to some silt and clay

., (SP-GP)

Dense brownish gray firm SAND
little silt, saturated (SM)

Dense to very dense gray silt
SAND, little gravel, satura'

(SM)

Very dense gray sandy ST
little gravel, trace c*

Ul

UJu

V)

W
a

91
TESTING SERVICE CORPORATION

BORING LOG CONTINUEb



CLIEN'

BORINt

CROUN

END 0
>
K

Z M
»- >
0 Oz u
kl kl

An J "

••*

45
^B

^^

^M

*0
••

MM

^H

^H

55
: _

UL

e —

j -
J f . n ~

D
is

ta
nc

e 
B

el
ow

» 
<

n 
<

1 
1 

1 
1

^^

^*m

^^

70 -- -
•̂
•̂B

75 —

^^

^•M

on —

'tffofev-1
1

1T~^
rr1-

1

— r
V
-T^

1

-v
J-ri
-rV
— T~

^T-V• .

T^-V
f-

1i

-T1

H
T1-

ii

-T1

txP

r FOREST PRESERVE DISTRICT OF DU PAGE CO.. P. 0. BOX 2339, GLEN ELLYN. IL.

. G-133 OAT(
**

0 SU

f BO

SA
NO.
—K
2lB

22

Date

RFACl

RIM(r

of veil co
ELEVATIONS

7

: STAR
mplet

06.0

TFD 4-9-85 BATE COUPLCTEB 4-16-85** „* 21.288
ion

633.0
LOCATION: 614.5 S

2089.7 W
MPLE
[TYPE

SS

ss

End

N

1007

50/5

of B

we
LO"

i

>ring

Qu

at

If DRY

-73. (

DEPTH

40.8

Feet

ELEV.

665.2

WATER TABLE

AT FHD OF r>OBlwr-

54 H O U R S

WHILE DRILLING: -12.5 Feet
SHEET 2 of 7

SOIL DESCRIPTIONS

1 Very dense gray sandy SILT,
j little gravel, trace clay,
] moist (ML)

^s

BEDROCK: Gray DOLOMITE

• A p p r o x i m a t e • n c o n f i i c d c o m p r e t s i o
s trength bated on •easaremcnt i »i
• c a l i b r a t e d p o c k e t p e n e t r o m c t e r .

TESTING SERVICE CORPORATION



BLACKWELL FOREST PRESERVE; PU PAGE COUNTY, ILLINOIS

CLIENT FOREST PRESERVE DISTRICT OF DU PAGE CO.. P. 0. BOX 2339. GLEN ELLYN, TL.

• 0*ING G-133 DATE rrAirrrD 4-9-85
** Date of well completion

ELEVATIOK3

•HOUND JUWACE

END Of 1OKING

E

706.0

633.0
LOCATION: 614.5 S

2089.7 W

DATE COMPLETED 4-ie-ss** jot.

WATER TAiLE

AT END Of tORlNG

24 HOUftS

21.288

•WLE MILLING -12.5 Feet

SO-

BS-

90-

•>

' jJlOO-

fcj
g

•»
5IO!

110

113-

120-

• ll
SI

-

™̂

—
—
—̂
mm

—
—•"•

—
1—

"""

—

— _

3

__

—
—
^̂

-
^̂

1 —
•M

«M

•̂

«•

5
M̂H

•M

•̂H

mmm

D

;
___, . , .. OJIC.L.I j ur j

SAMPLE

NO TYFE

DR:

(h

T;

G

&

N

LLIN

e We

G-13
The
Grav
was
A st
well

o We

Orig
Reve
meth
dept
grou
to t
plus
grou
the
barr
well
was

133D

1).

2).

133D

1).

2).

VC

AND

1-lH

S:
otto
1 pa
eale
el p
cast

Is I

nal
t an
d.
. 4
wit
e bo
insi
. A
oles
1.
were
oner

Bott

Bott

, *
*

Bott

Bott

o.

MON:

tai:
ore}
of
ked
wit
ote<
g-

sta!

Hot
3 :
oth
PV(
bei

torn
e tt
ter
wen
Che <
flus
ted

>m o

3m o

>m o

>m o

lorn-

TORINC

ed in

ole wi
the 1(
from
i ben
tor c

led ii

hole
/4" b
loles
rise
tonit
of th
e low
allow
advai

pen hi
hed v
into ]

8" h<

unca

8" h<

unca

OCFTX

WELI

Outwa

s re£
1 PVC
21.0'
onite
sing

Bedi

samp]
t. /
were
pipe
was
bore
r pot
nee c
ced c
le (i
th cl
Lace

le ai

ed o{

le ai

ed oi

ELEV.

INST

sh Ma

med w
sere
to -
pell
was c

ck

ed an
seco
reame
was i
jumpe
hole
tion
f sev
eepex
n roc
ean \t
over

d PVC

en ho

d PVC

en ho

SOIL DESCRIPTIONS

MLATION NOTES:

erial

th 8" rotary bit using Revert.
n was installed at 21.0'.
.0 feet. 'The annular space
ts from -9.0 feet to -3.0 feet.
ncreted into place over the PVC

drilled by rotary method using
d hole was drilled by the same
with an 8" bit to the desired
stalled in each hole. Cement
through the drill rod lowered
The entire annular space

f the PVC pipe was filled with
ral days for the grout to set,
into rock with a 3 3/4" core
c) and the casing for each
ater. A steel protector casing
each well.

Casing: 43'

Le: 53'

casing: 53'

Le: 73'



PROJECT BLACKWELL FOREST PRESERVE; DU PAGE COUNTY. ILLINOIS

CLIENT FOREST PRESERVE DISTRICT OF DU PAGE CO.. P. 0. BOX 2339. GLEN ELLYN. IL.

BORING G-134 DATE STARTED A~11-85

ELEVATIONS

GROUND SURrACE 725.

END OP BORING
654.8

LOCATION: 661.3 N
310.1 E

DATE COMPLETED *-17-85 JOS 21,288

WATER TABLE

AT END OF BORING

24 HOURS

WHILE DRILLING
SHEET 1 of 3

-24.96 Feet

—

*••

3

10

^M

^^

l5-3

—

—

•^M

30

^^B

^_

38

i?!
&\
'S!

Iti\
1
$£1$iijri:
<?;

iMi</%/* *•*;. ̂ti »

* • /"/.'•*$*
1mat

i

w
M
'*/

8

S ?.|S AMPLEssKS:
-yi1
52
)(n 3

xl 4

Is
4J6

ri8
I'.
5J10

yfl11

yii2
Xn13

XjlA
IQ

3,
i16
M17

S
3r8

VM19

vK20

TYPE

SS

SS

SS

SS

SS .

ss :

SS

SS

SS

SS

SS

SS

SS

SS

SS

SS

SS

SS

SS

SS

N

26

30

100

78

iO/5"

0/4"

53

45

43

"31

46

29

69

55

95

45

90

50

64

52

we

14.3

11.6
11.4

17.9

18.6

9.4

10.4

12.6

17.3

16.6

Ou

4.5*

4.5-H
4.5+'

4.0*

3.75'

3 ^e.• /->

3.5*

4.5*

tfDRY

*

DEPTH

8:?

7.5

12.8

14.0

17.5
17.8

19.5

24.8

27.3

29.5

36.5

ELEV.

lti:i

718.3

713.0

711.8

708.3
708.0

706.3

701.0

698.5

596.3

689.3

SOIL DESCRIPTIONS

FILL: Black clayey TOPSOIL,
little sand

FILL: Dark brown silty CLAY,
little sand and gravel,
no 1st (CD

FILL: Brown fine to coarse SAN"1

and small to large GRAVE,
nixed with brown silty

1 clay, moist (SC)

FILL: Brown fine to coarse >—<N"
and small to medium GRAV
little clay, moist (SC)

Very tough to hard brown silt)
CLAY, little sand and gravel,

\ moist (CL)

Hard gray silty CLAY, trace
sand and gravel, moist (CL)

— — _ Dense gray tine to coarse SANI
and small to large GRAVEL,
saturated (SW)

] BOULDER

Hard gray silty CLAY, tracp
sand and gravel, moist (C

Very dense brownish-gray SILT
little sand, little clay,
saturated (ML)

Very tough to hard gray very
silty CLAY, little sand and

"1 gravel, moist (CL-ML)

Dense to very dense gray clay
SAND and GRAVEL, moist to
saturated (SC)

Very tough to hard gray silt>
CLAY, trace sand and gravel,
moist (CL)

uI
at

u
ffi

U
U

s. S

TESTING SERVICE CORPORATION



PBOitrTBLACKVELL FOREST PRESERVE; DU PAGE COUNTY, ILLINOIS

n IEUT FOREST PRESERVE DISTRIAT OF PU PAGE CO.. P. 0. BOX 2339. GLEK ELLYN. IL

C-134 DATE JTADTEP 4-11-85 OATE COMPLETED 4-17-85

ELEVATIONS WATCH TABLE

21.288

GROUND SURFACE

END OF BORING

725.6 AT END OF BORING

654.8

y LOCATION: 661.3 N
310-1 E

24 HOURS

WHILE DRILLING: -24.96 Feet
JHEET 2 of 3

r*iO

—

-
45

_ m

50

—
— .
_

55—

60 —

65 —_

~*

70 —

«M

«••

75 —

•̂

80 — *•

281 **
5gUo.

X;

&A&R
**J
fei-<Xv
Wi

*
4
/

1
X

£
/<
'/
>
/

* •

£
i£

>:ft.
l<

1 '

J

*! .

V-
-T1

J —
. 11

T^
-4
V

JfrF
M23s.YB24
-LJ

|5

I26

82?

^T83v9

Mso

2
ffl31
(•32

fe

S34
3^35

MPLE
[TYPE

SS

SS

SS

SS

SS

SS

SS

SS

SS

SS

SS

SS

SS

SS

SS

SS

N WC

52

50

50

80

83

89

94

69

78

53

78

73

54

>0/4"

50

56

16.6
L9.5

LO.l

9.8

11.7

10.6

12.0

14.5

21.3

L2.5

LI. 2

L2.4

Q«
&.5*
J.25*

4.5+'

4.5*

3.75'

2.75'

4.5*

3.0*

If DRY

t

DEPTH

41.5

44.5

56.8

60.8

63.0

65.0

71.0

ELEV.

684.3

681.3

669.0

665.0

662.8

660.8

654; 8

/

SOIL DESCRIPTIONS

Very tough to hard gray silty
CLAY, trace sand and gravel,

~| moist (CL)

Very dense gray fine to coarse
SAND and GRAVEL, saturated

1 (SW-GW)

Very tough to hard gray silty
CLAY, little sand and gravel,
moist (CL)

Very dense brownish-gray SILT,
little sand, saturated (ML)

Very dense brownish-gray fine t
medium SAND, little silt,

T saturated (SM)
Hard gray silty CLAY, trace
sand and gravel, moist (CL)

Very dense gray clayey SILT,
little sand, moist to saturated

(ML)

BEDROCK: Gray DOLOMITE

' • A p p r o x i m a t e i n c o n f i n c d t o t n p r e m
s t r e n g t h b a s e d en n e a n r e m t n t »
• c a l i b r a t e d p o t k e t p e n e t r o m e t e r .

• ~

u.
e

TESTING SERVICE CORPORATION



PROJECT FOREST PRESERVE; DU PAGE COUNTY. ILLINOIS

II

CLIENT FOREST PRESERVE DISTRICT OF DU PAGE CO.. P. 0. BOX 2339. GLEN ELLYN. TL

•ORIN6 G-134

•ROUND SURFACE

EMO Or BOAIMG

fc

DATE tTARTED 4-11-85 BATE COMPLETED A-17-85 JQB 21,288

WATER TABLE

AT END OF •ORIN6 .

24 HOURS

ELEVATIONS
725.8

654.8
LOCATION: 661.3 N WHILE MILLING -24.96 Feet

I!
M ]

80 w

^Ml

^^m

^•M

85

••••

«••

•̂•i

90
•MH

^^H

^* ^^™
tat
to
Ik —

^ 95

0 —

fi —
a —

^ fc ~"

w —0

I :
^^H

^^a

^^m

110

•̂•i

OT

•«••

115
•̂B

•MM

••*•

•*•

120

T^
-V
-4_L_

T~"
_L_

-j-T

4
T —
— r-
— L

V
r1

i
nrj_
T1

•H-
1
J

4__!_

-h"
|

V
r-1

, JJ.U.J. £ attLtl J Uf J

SAMPLE
NO. TYPE

End

DRH

Orlg
with
rise
pump
annu
allo
a 3
A 8t

the
1).

N

•

f B<

LING

inal
an I

c pi]
;d tl
Lar i
d.ng
3/4"
>el i
mrfc
Bottc

we

ring

AND )

pilot
" rot
e was
rougl
pace
sevei
bit
rote
ce.
m of

o.

at

ONIT

hoi
ary
ins
drl

plus
al d
nd R
tor

case

YDRY

-108.

3RING

• dril
>it an
:alled
.1 rod
insid
lys fo
tvert .
»ipe v

1 hole

DEPTH

> Fee

JELL

Led a
1 Rev
to 7
lowe

z of
: the

The
is in

: 73.

ELEV.

NSTAI

d sat
rt t<
.5'.
ed t<
ottoi
grout
open
tall.

1 2

SOIL DESCRIPTIONS

* ^^^

BEDROCK: Gray DOLOMITE

LATION NOTES FOR G-134D:

pled by rotary method and reamed
a depth of 73.5'. 4" PVC solid
Cement grout with bentonite was
the bottom of the hole. The entin
of PVC was filled with grout. Aft.
to set, the hole was extended usin.

hole was flushed with clean water,
d and concreted over the well at

. Bottom of open hole: 103.5'

TESTING SERVICE CORPORATION



PROJECT BLACKWELL FOREST PRESERVE; PD PAGE COUNTY, ILLINOIS

CUENT FOREST PRESERVE DISTRICT OF DU PAGE CO., P. '0. BOX 2339. GLEN ELLYX, IL.

BORING G-135 OATE STARTED A-U-85
** Date of veil completion

ELEVATIONS
GROUND SURFACE

END OF BORING

719.0

637.0
LOCATIONS: 878.6 N

1552.3 W

DATE COMPLETED 4-17-85** jOB 21.288

WATER TABLE

AT END OF BORING _

24 HOURS

S gl SAMPLE

"g| NO. [TYPE
N we

WHILE DRILLING
SHETTT 1 07 *

-13.0 Feet

DEPTH ELEV. SOIL DESCRIPTIONS

o

25-

30-

|6b

l7b

a
|8b

9b

lOb

16

17

18

19

SS

SS

SS

SS

SS

SS

29

16

17

17

18

17

17

13

22

15

24

29

30

77

63

15.3
15.6
18.8
18.3
17.7
13.4

11.7
15.6

18.8
18.2
19.1
17.8

19.1
13.8

10.2
13.3

SS :

SS

OO/lilO.9

63

58

92

3.00,
3.75
4.5+
4.5+
2.75
2.25

4.5+

4.5+
4.5+L
4.5+
4.5+

3.00

4.5+

1.0 713.0 FILL - Dark brown silty CLAY,
some sand & gravel (CL)

Firm grayish-brown fine to coarse
SAND and small to medium GRAVEL,
moist to wet at 13.0' (SW/GW);
sandy silt layers from 13.5' to
14.5'; 3" seam of brown silty
clay at 14.7'

15.0 704.0
Very tough to hard gray silty
CLAY, trace sand and gravel,
moist (CL)

20.0

23.0

S99.0

696.0

Layers or very tough brownish-gray
very silty CLAY (CL); very tough t
hard gray silty CLAY (CL) and firm
brownish-gray clayey SILT (ML);

"] trace sand and gravel, moist

Hard to very tough gray silty
CLAY, trace sand and gravel,
moist (CL)

28.0 691.0
Layers of very dense gray clayey
SILT (ML) and hard gray very silty
CLAY (CL); trace sand and gravel,
moist; 4" seam of sandy silt @ 28.

34.3 )84.lU

37.3 )

TESTING SERVICE CORPORATION

Very dense gray "fine to coarse
SAND.and. small GBAVZL, little

- .silt, saturated (SP)

Very dense gray sandy SILT, some
gravel, occasional cobbles or
boulders, trace clay, ooist



»BQIEPT BLACKWELL FOREST PRESERVE; DU PAGE COUNTY. ILLINOIS
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— p
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••i — •
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o
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!
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I
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?!I*.
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r FOREST PRESERVE DISTRICT OF DD PAGE CO., P. 0. BOX 2339, GLEN ELLYN. TL.

G-135 BAT»
**

D SU

F 80

SA

NO.

20

21

22

23

24

25

26

27

28

29

Date

RFACE

RING

of well cc

7]

: STAR
implel

.9.0

Tfn 4-11-85 UATF rouPLETtn 4-17-85** m. 71 ?RR
:ion

637.0
LOCATIONS: 878.6 N

1552.3 W

MPLE
P-YPE

SS

SS

SS

SS

SS

SS

SS

SS

SS

SS

N

57

44

78/li

100/
10"

50/5'

LOO/
11"

65/6'

LOO/
5 i/:

LOO/:

we

8.6

9.6

10.0

11.3

u

it

QU rORY

-

DEPTH

47.8

48.5

56.0

59.5

66.5

69.5

WATER TABLE

AT FMO nf ROBING

IA wnnp«:

WHILE DRILLING: -13.0 Feet
SHEET 2 of 3

ELEV.

671.7

670.5

563.0

559.5

652.5

649.5

SOIL DESCRIPTIONS

Very dense gray sandy SILT,
some gravel, occasional cobbles
or boulders, some sand, moist

(ML)

BOULDER

Very dense brownish-gray very
fine sandy SILT, saturated '

(ML)

Very dense gray sandy SILT,
some gravel, moist (ML)

BOULuc.iv

Very dense gray sandy SILT,
some gravel, moist (ML)

BEDROCK: Gray DOLOMITE

60 —

65 —

non I (NT. NO 91
TESTING SERVICE CORPORATION

BORTNC LOG CONTINUED



PROJECT BLACKWELL FOREST PRESERVE: PU PAGE COtTVTY. TT.T.TNDTS

CLIENT FOREST PRESERVE DISTRICT OF DU PAGE CO.. P. 0. BOX 2339. GLEN ELLYN. II

•CHUNG C-135 rrAirrrp 4-11-85
** Date of well completion

CUCVATIONS
•ROUND SURrACE

END Of »O*ING _

719.0

637.0
LOCATIOKS: 878.6 N

DATE COMPLETED 4-17-85** JQ« 21.288

WATER TASLE

AT END Of SORING

24 HOURS ___
-13.0 Feet

• 0<

85-

90-

| ' * 95.

g
I -

I I -
'10!

no

us-

120.

f * 1552.3 W SHEET 3 OF 3
| 6

•* •

mm

-

—

—

—

—

_

.̂a,

"~

—Ŵ M

_̂

~"

k*̂ ""™

5

•̂M

•••

5
•••

MM

•••

•MM

J —

i

L-T1i

SAMPLE
NO. TYPE

End

DRI1

One

Due
was
at
mad
hoi
72.
Cen
was
spa
grc
hoi
Rev
PVC
cas

N

>f Be

.ING

Well

to t
uti]
this
e us:
e wa:
D fe<
ent j
low<
ce, i
at.
e was
ert
wel:
ing %

we

ring

AND }

Inst

he n<
ized
local
ng a
rear

t. ^
rout
red
lus
Afte
advi

o a <
cas:
as C(

c

at

ONIT

alle

arne
for
ion
3 3/
ed u
• pv
with
o th
he i
all
need
epth
ng w
ncre

tarr

-82.0

RING

in B

s of
he fi
esume
" rot
ing a
rise
bento
bott
side
wing
deepe
of 82
re fl
ed in

DErin

Feet

JELL :
drocl

-135
st 3:
at i
ry b:
8" :
pip<

ite T
m of
ower
he g
inti
0 fe
ashed
o pi

ELEV.

NSTAI

- G-

to G-
.0 f<
dept
t ant
otar^
was
as pi
the 1
port:
out t
roc]
t. '
with
ce o>

SOIL DESCRIPTIONS

BEDROCK: Gray DOLOMITE

LATION NOTES:

135:

119, the boring log for G-119
et of this boring log. Sampling
h of 32 feet. The boring was
"Revert" drilling mud. The pilot
bit and "Revert" to a depth of
installed in the bore hole.
raped through the drill rod which
ore hole. The entire annular
on of the PVC was filled with
o set for several days, the
with a d 3/4" rotary bit and
he open hole (in rock) and the
clean water. A steel protector
er the well.

•Approiimitc ••confined c o m p r c t i i o
strength btstd OB »«» j»r«m «nt » «i
• dlibriied pocktt penctromcter.

TESTING SERVICE CORPORATION



PROJECT , BLACKWELL FOREST PRESERVE: D'J PACT COUNTY. ILLINOIS

FOREST PRESERVE DISTRICT OF DU PAGE CO.. P. 0. BOX 2339. GLEN ELLYN. IT

BORING G-136 DATE STARTED 4-27-85

** Date ̂ we^^ompletion

GROUND SURFACE 708.6

END OF BORING 607.6

we

LOCATIONS: 790.1 N

1746.9 W

DATE COMPLETED 4-29-85**JOB 21.2!

WATER TABLE

AT END OF BORING

24 HOURS

WHILE DRILLING
SHEET 1 OF 3

4.25

4.0*

4.5+

n i. q a. s+

DEPTH

0.7

4.5

33.0

37.0

ELEV.

07.9

04.1

1

680.1

675.6

671.6

SOIL DESCRIPTIONS

Black to dark brown clayey
TOPSOIL (OH)
Hard brown silty CLAY, trace
sand and gravel, moist (CL)

Firm to very dense brown medi
to coarse SAND and small to
large GRAVEL, occasional cob!
damp to vet (SV/GW)

Dense to very dense gray san<
SILT, trace clay, little gra-
moist (ML)

Very dense brownish gray cla
SILT, little sand and gravel
moist (ML)

Hard gray silty CLAY, trace
small gravel, cobbles, moist

(CL)

DRILL RIG NO. 91
TESTING SERVICE CORPORATION



PROJECT BLACKWELL FOREST PRESERVE; DU PAGE COUNTY, ILLINOIS

CLIENT FOREST PRESERVE DISTRICT OF DU PAGE CO.. P. 0. BOX 2339. GLEN ELLYN. IL.

BORING C~136 DATE STARTED 4-27-85 DATE COMPLETED A"29"85** JOB 21,288
** Date of well completion

ELEVATIONS
GROUND SUBFAtr 708.6

90

w
Ik —

«35w _

1 -
tn ~~

SJ60m __

u —u1 -
«r» —
0 fi3 -

^w

MM*

••••
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^•M

•M
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• Q . ,

P
I

Z

L
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M
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°
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°

i
'/

(

/5
a

1
If*$
•
i>

'0
r1

i
',

i
1
*

i

•
r

*
#

J
<
/

/
•

/
.•

•

- - L

T
IT

±E
T —
— L
-S-1
— r
T —
-f
T —

i
1 —
H"
•4-
T1-

M

i 1

flx

B0<)ING 607.6

LOCATIONS: 790.1 N
1746.9 W

SAMPLE
NO.
22

23

24

25

26

27

28

29

30

31

TYPE
SS

SS

SS

SS

SS

SS

SS

SS

SS

SS

N

80

74

0/5'

0/51

00/<

6/6"

00/5

0/6"

0/4"

0/3"

we

19.3

19.3

1

1

o«
4.5+

4.5+

foffY

^»

DEPTH

45.0

49.5

53.0

55.0

57.0

60.8

ELEV.

663.6

659.1

655.6

653.6

651.6

647.8

WATER TABLE
HAT*. 5-13-85

WATER LEVEL: 18.87'
ELEVATION: 691.53

SHEET 2 OF 3

SOIL DESCRIPTIONS

Hard gray sllty CLAY, trace
small gravel, cobbles, moist

(CL)

Very dense coarse gray SAND
and small GRAVEL, COBBLES,
saturated (SP)

Very dense gray sandy SILT,
little clay, trace small
gravel, moist (ML)

Very dense gray fine sandy
SILT, saturated (ML)
Very dense gray SILT, little
sand, saturated (ML)

Very dense gray fine sandy
SILT, saturated (ML)

BEDROCK: Gray DOLOMITE

- A p p r o x i m i t t • n e o n f i n e d c o m p r t s s
s t r e n g t h b ind e n m c a t a r c m c R t s
• c a l i b r a t e d p o c k e t p e n e t r e m e t e r

TESTING SERVICE CORPORATION



BLACKWELL FOREST PRESERVE; DU PAGE COUNTY. ILLINOIS

FOREST PRESERVE DISTRICT OF DU PAGE CO.. P. 0. BOX 2339. GLEN ELLYN. TL

SORING

•MOUND

END Of

_*

G-136
** Date

DATE STARTED
complc

708.6

4-27-85

607.6
LOCATIONS: 790.1 N

1746.9 W

DAT! COMPLETED 4-29-85** JM 21,288

WATER TAtLE

AT END OF SO«INC___

>4

DftlLUNG
SHEET 3 OF 3

to-
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to-
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»
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L
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SAMPLE
NO. TY*E

End
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dri
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the
of
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N

f Be

-ING

Veil

to t
.ize<
his
rot£
Revc
he t
.1 re
.re f
.ed v
holi
.01. (
>hed
:e o>

we

ring

AND 1

Inst

le nt
for

Locat
ry DC
rt tc
>re t
d vhi
mult
ith {
vas
feet

*ith
er tl

o.

at

ONITI

alle

arne
the
ion
thod
a d

Die.
ch h
r sp
rout
adva
. T
clea
e ve

loirt

-101.

RING

in B

s of
irst
esume
vith
pth o

Ceme
d bee
ce, p

Aft
ced d
e ope
vate

1.

DEPTH

Fee

ELL :
idrocl

-136
3.0 :

L at •
3 3,
71. <

it gr(
low

us ti
r al
eper
hoi

. A

ELEV.

NSTAI

- G-

to G-
eet <
dept

4" b:
feet

ut v:
red t
e ins
owin;
into
in i

stee

SOIL OESCMIPTIONS

BEDROCK: Gray DOLOMITE ^.

LATION NOTES:

136:

130, the boring log for G-130 vas
f the G-136 boring log. Sampling
h of 23*. The boring vas made by
t- and then reamed using an 8" bit
. 4" PVC riser pipe vas installed
th bentonite vas pumped through the
o the bottom of the bore hole. The
ide lover portion of the PVC vas
the grout to set for several days,

rock vith a 3 3/4" bit to a depth
ock and the veil casing vere
protector pipe vas concreted into

TESTING SERVICE CORPORATION



PROJECT,

CLIENT _

BLACWELL FOREST PRESERVE

FOREST PRESERVE DISTRICT OF DU PACE COUNTY, CLEN ELLYN, ILLINOIS

G-137BORING _
S: 1723.6

V: 1010.2
GROUND SURrACE

DATE STARTED

ELEVATIONS

699.7

END OP BORING 645.2

DATE COMPLETED 8'7'66 JOB 23.108

WATER TABLE

AT END OF BORING -™-5 feet

24 HOURS

WHILE DRILLING
SHEET 1 OF 2

Feet

«M

»•

_

—
5

—
•n _
JU0
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—

—
__ ^ ̂

l5—

*A
_

—
—

2 ~
v.

—
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—

«MM
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•_
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jksf

•y»
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ty\
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•*f '
• *•> •

{ii
i ̂ * *

* '

»-;'•
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!$
•r-
• •*'».'

'•**•*./

•<•"•
yf.

:̂ -*» •*
/•/"

?£
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;S
.* V

^*^-<s
• V

'1
TlM

5 R SAMPLE
J«|NO.
"THI Aa IB
(• 2

^^H a\

A13B09
yi s
GU
(n 6

(1 7

GB
XI 8

(I 9•jB
in10

m-id
Vnn

§U
(n12

W'3
Al 1Ay

¥•15

9(H16

An17'
(I18

9"°i)20

TYPE

55

SS

55

SS

55

SS

SS

55

SS

SS

SS

SS

55

SS

SS

55

SS

SS

SS

SS

N

29

18

15

46

24

34

36

49

21

34

55

95

61

62

34

33

11

78

32

1 55/9

we

U t
.4

13.1

17.3

1C C5.5
20.3

20.1

13.6
11.1

°u

4.5*

.5*

2.0*

4.5+'

*DRY

•

DEPTH

0.3

4 5^ .^

6.0

-

20.0

33.5
34.0

36.5

>a n3o«VJ

39.5

ELEV.

699.4

£95 2W J-J * A

693.7

673.7

666.2
665.7

663.2

CC1 1OD 1 » /

660.2

SOIL DESCRIPTIONS

—1 Black clayey TOPSOIL, moist (OL)
Dark brown very sandy gravelly CLAY,
little organics, moist, disturbed

(CL)

Very tough dark brown silty CLAY,
_j some sand, trace gravel, moist (CL)

Firm to dense brown fine to coarse
SAND and small to large GRAVEL,
little silt, wet at 9.5' (SW)

*

Dense to very dense gray GRAVEL
and SAND, net (CM)

J Very tough gray silty CLAY, little
-i sand, trace gravel, moist (CD

Very dense gray GRAVEL and SAND, wet
(CW)

Hard gray silty CLAY, little to some
sand, trace gravel, moist (CL)

Very dense gray clayey SAND and
GRAVEL, wet (CC/SC)

It!
W

3
I. "
a
Ul

TFSTtNG SERVICE CORPORATION



PROJECT BLACKWELL FOREST PRESERVE

FOREST PRESERVE DISTRICT OF OU PACE COUNTY, CLEN ELLYN, ILLINOIS

C-137BORING _
S: 1723.6

N: 1010.2
GROUND SURFACE

END OF BORING _

DATE STARTED , 8-7-86 DATE COMPLETED 8-7-86 JOB 23,108

ELEVATIONS WATER TABLE
€99.7

645.2
AT END OF BQRIMC

24 HOURS

Feet

WHILE DRILLING
SHEET 2 OF 2

- 9.5 Feet

40-

SO-

Z 55-

I
«
g

Ul
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E

70"

73-

80-
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•§•
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• iT'

SAMPLE
NO.

XII 21

Y|l 22

Sf

1
-r1-

-
_

23

24

TYPE

SS

SS

SS

CORE

End <

HONITC

1).

2).

3).

4).
5).

6).

N

95

55

68/10*

f Bor

RING

4" Sc

4" Sc

"Best

Bento

Volcl

6" Pr
over

we

ng at

(ELL INS

ledule 4

ledule 4

*490 a

>ite Pel

y Grout

itector

o.

,,s

TALLA1

) PVC

) PVC

and p

lets:
:

casin

2TORY

Feet

ION N(

*10 s

riser

ck:

cone

DEPTH

45.5

TES

ot scr

eted 1

ELEV.

654.2

en:

i pi act

SOIL DESCRIPTIONS

Very dense yellow-gray fine to coarse
SAND and small to large GRAVEL, trace
silt and clay, wet (CW)

BEDROCK: Light gray to brown DOLOMITE,
aicritic, occasional silt
partings, trace styloHt
•oderate to high porosity?^
fractured from 47.5'- 48.3'
vertical fracture starting
at 53.0'

* Approximate unconfined compression
strength based on neasurements with
a calibrated pocket penetrometer.

43.5 - 53.5' ^

+2.0 - 43.5'

42.5 - 54.5'
40.0 - 42.5'
2.5 - 42.5'

•

91
TESTING SERVICE CORPORATION



PROJECT,

CLIENT _

BORING _
S: 254.5

V: 2249.2
GROUND SURFACE

BLACKXELL FOREST PRESERVE

FOREST PRESERVE DISTRICT OF DU PACE COUNTY, CLEN ELLYN, ILLINOIS

G-138 DATE STARTED 6-13-86 BATE COMPLETED 8-U-86 JOB 23,108

ELEVATIONS

706.6

END OF BORING

i SAMPLE

a«

<n

ff.:»?

12

16

18

19

20

TYPE

ss

ss

55

55

SS

55

SS

SS

SS

SS

SS

SS

SS

55

55

IB

35

47

35

37

18

£3

23

37

19.7

21.6

we

8.8

8.8

9.1

(10.2

WATER TABLE

AT END OF BORING

24 HOURS

WHILE DRILLING
SHEET 1 OF 2

-16.0 Feet

DEPTH

2.0

3.3

8.0 698.6

16.0 690.6

ELEV.

03.3

677.1

SOIL DESCRIPTIONS

Dark brown lilty TOPSOIL, little sand,
*OM roots, damp (OL)

Firm brown silty SAND and GRAVEL, moist
clay binder (CC)

Loose to firm brown fine to medium
SAND, little clay binder, damp (SP)

Dense brown fine to medium grained
SAND with GRAVEL, damp; 0.2' brown
sand clay seam at 10.3', damp (SP)

Firm to very dense brown silty SAND
and GRAVEL, wet (Ctf/SW)

Firm gray sandy GRAVEL, wet (CW)

Dense gray clayey SILT, some sand,
trace gravel, damp to moist, very
•oist from 44.0 - 46.0< (ML)

TESTING SERVICE CORPORATION ooo i Mr i r\r. rnwr i kji



PROJECT.

CLIENT _

BLACKWELL FOREST PRESERVE

FOREST PRESRVE DISTRICT OF DU PACE COUNTY, CLEN ELLYN, ILLINOIS

BORING _
S: 25%. 5

C-138 DATE STARTED 8-13-86 DATE COMPUTED 8-14-86 JOB ".108

W: 22*9.2 ELEVATIONS

GROUND SURFACE 706-6

END OF BORING 650.1

WATER TABLE

AT END Of BORING

24 HOURS

WHILE DRILLING -16.0 Feet

40-
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I
1
r

-S-
-S-

uui

23
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TYPE

55

55

55
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End <

HONI1
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2).

3).

4).

S).

6).

N

33

48

16

f Bor

OR INC

4" S'

4" S

"Bes

Bent

Vole

6" p
in p

we

10.1

12.0

11.5

ng at

WELL IN
hedule

hedule

" #490

nite Pe

ay Crou

otector
ace ove

o»

56.5

iTALU

>0 PV(

>0 PV(

sand

lets

casir
• wel

2TDRY

Feet

TION 1

«10

risei

pack:

g cone

DEPTH

4fi 0~ V • VI

OTES

screen

•

reted

ELEV.

660 6vvw • O

SOIL DESCRIPTIONS

Dense gray clayey SILT, some sand,
trace gravel, damp to noist, very
•oist froai 44.0 - 46.0' (ML)

BEDROCK: Fractured to 48.0' light »y
to light brown DOLOMITE,-^
micritic, massive, occasional
silt partings, high porosity.
occasional fractures, trace
illite at 56.5'

* Approximate unconfined compression
strength based on measurements with
• calibrated pocket penetrometer.

44.0 - 54. O1

+2.0 - 44. O1

43.5 - 56.5'
41.0 - 43.5'
2.5 - 41.0'



PROJECT. BLACKWELL FOREST PRESERVE

PRESRVE DISTRICT OFJMJ PACE COUNTY, GLEN ELLYN, IUINOISCLIENT

BORING C-139 DATE STARTED 8-18-66 OATE COMPLETED 8-19-86 JOB 23.108
N: 540.3
W: 2512.8

GROUND SURFACE 70(M

ELEVATIONS

END OF BORING 643.6

WATER TABLE

AT END OF BORING __±Li2JL££L

24 HOURS

WHILE DRILLING
SHEET 1 OF 2

- 7.5 Feet
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N
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54

28

48
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96
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30

30

24

66/10'
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58

45

37

40

29

33

59

we

14.9

17.8

18.0

10.4

14.9

12.2

17.3
12.1

11.9

12.8

18.5

16.5

QU

».S+*

LO*

>.5+*

t.5+*

>.5+*

».S+*

1.0*

.0*

(.25*

tfORY DEPTH

1.4

7.5

17.0

19.5
20.0

22 0&A *W

24 0*^ . V

28.0

31.0

39.2

ELEV.

698.7

692 6

683.1

680.6
680.1

£78 1vr o. 1

£76 13 * O * I

672.1

669.1.

660.9

SOIL DESCRIPTIONS

Black clayey TOPSOIL, noist (OL)

Finn to very dense light brown GRAVEL
and SAND, little silt, damp (CM)

Firm to very dense gray SAND and
GRAVEL, wet (CW/SW)

NOTE: 3" Black sand seam at 9.3',
strange odor

Very tough to hard gray silty CLAY,
little sand, silt partin gs, noist (Cl

Firm brownish gray fine sandy SILT,
I trace clay, noist (ML)

Firm gray fine to nedfum SAND, wet (St

Hard gray silty CLAY, little sand, tr.
gravel, noist (CL)

Very dense (hard) gray very clayey
SILTS, very silty CLAY, some sand.
occasional silt and sand seams, damp
to noist, reddish hue to 26.0'

_, , (CL/HL)

Dense brownish gray clayey SILT,
trace sand and gravel, noist (ML)

Tough to hard gray silty CLAY, little
sand, some gravel, noist (CL)

J Very dense brownish gray sandy SILT,
trace clay, damp (HL)

10-

U
u

m

9.. 1
2*
r

u
u

1ft

30-



PROJECT.

CLIENT _

BLACKWELL FOREST PRESERVE

FOREST PRESERVE DISTRICT OF DU PACE COUNTY, CLEN ELLYN, ILLINOIS

C-139BORING
N: 540.3
»: 2512.8 ELEVATIONS

GROUND SURFACE 70°- 1

END OF BORING 6**'6

DATE STARTED 8-18-86 DATE COMPLETED 3-19-86 JOB 23-108

AT END OF

24 HOURS

WATER TABLE

"1*-° Feet

WHILE DRILLING
SHEET 2 OF 2

- 7.5 Feet
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End <
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N

47
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f Bor
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4" Sc
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6" Pr
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ng at
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1 f*90 a

le pellt

y Grout

itector
ce over

ou

1.0*

-56.5
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(0 PV

i»0 PV

and p

ts:

:

casin
well

2fDRr

Feet

TION I

MO

rise

ck:

cone

DEPTH

« o
• V

43 7^ J • /

46 0^v • V

47.5
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creen:

:

eted

ELEV.

658 1WWB • 1

656 kOWW • "T

65ft 1VW^ • 1

652.6

SOIL DESCRIPTIONS

Dense gray clayey SILT, trace sand and
gravel, moist (ML)

Tough gray silty CLAY, little sand,
trace gravel, moist (CL)

Very dense gray silty very fine SAND,
wet (SM)

Very dense clayey SILT and SAND, soae
^ gravel, damp to moist (ML/SC)

^"

BEDROCK: Light gray DOLOMITE, micritic
occasional silt partings, tra
stylolites, massive, moderate
porosity, fractured from
51.0' - 51.5'i fracture has
secondary recrystallization

•

* Approximate uncon fined compression
strength based on measurements wit
• calibrated pocket penetrometer.

45.5 - 55. 51 ~"

+2.5 - 45.5'

43.5 - 56. 51

See Report

2.5 - 43.5'

•



LEACHATE MONITORING WELLS, BLACKWELL 70REST PRESERVE, PUPACE COUNTY, ILL.

FOREST PRESERVE DIST. OF DUPAGE CO.. P.O. BOX 2339, GLEN ELLYN. ILL.

BORING.
6V-1 DATE «TAPT»P 5-1A-82

ELEVATIONS

GROUND SURFACE

END OF BORING

DATE rouPLg-rgn 5-17-82 jpa 18.766

WATIt TABLE

AT END OF BORING -7 .0 TTTT

94 HOURS
WHILE DRILLING -10.0 FEET
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Lc sc
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4 e. j
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LO 0I W • %*
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m 13.
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ELEV.

737 .^

71A 1

731 <

750 t

728. <

18.
J.5f

i' to

to 4

SOIL DESCRIPTIONS

FILL - Dark brown silty sandy CLAY.
<l trace small gravel, damp(CL)

FILL - Gray silty CLAY, some gravel
moist (CL)

FILL - Brown silty sandy CLAY, trac
small gravel, moist (CL)

FILL - Brown coarse SAND and small
to large GRAVEL (SW-GW)

FILL - Brown, silty CLAY t trace smal
^ eravel . moist ICL i1 O ^* y n»w*^ ^ \%«Arf y

REFUSE - METAL, WOOD, PAPER, GLASS,
misc. MATERIAL

t

3.5'

•
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BLAC1CWELL FOREST PRESERVE

CLIENT FOREST PRESERVE DIST. OF DU PAGE CO., P. 0. 2339, GLEN ELLYN. ILLINOIS

•PRIMS SV-11 6-6-84
DATE COMPLETED. *. 20'"0

ILIVATIOHS

GROUND 808.9
WAT1R TABLE

AT END OF BORING
END OP 713.9

> LOCATION: 4 + 79 »
Z hi

WHILE DRILLING.
SHEET 1 OF 3

-84.0 Feet
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Ĥ

5
""

^B—

Q

M̂

M̂_

^̂ ^

^̂

MM

v\

™̂
_

*"

» —
v̂

—

X) —

— •
™"

I

35-̂_

• _

-

4
/
S
•
f
s
*

^
V
f ̂
^̂
J »

r

y
r

,

^ %

f

'/
y

\

'
f

A

r*

*%

* •

/

.

,

, l>

'

>
"

• •

;
"

'/
'/
' t

//
•

4*

00

:̂
SA

NO.

1
»M i
i l l

fl
p2
1 1

I i

1'» B
1 1lira 1 1

£*4^ii 1

UPLE
[TYPE

SS

ss

ss

ss

N

12

31

56

J7/6'

we

12.6

13.3

o. fDRY DEPTH

7 0/ • V

*9 A A
'

26.0

4% / »
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7OQ QOO • 7

782.9

^T / J774.4

SOIL DESCRIPTIONS

FILL: Brown silty CLAY, some
gravel, little sand

(CL)

^

FILL: Gray silty CLAY, little
gravel, trace sand, a
few cobbles

,

(CL)

FILL: Gray SILT, little sand,
trace gravel

(ML)

-FILL: Grayish-brown very silty
CLAY, trace sand and
gravel

(CL-ML)

FILL: Brown fine to coarse SAND
and small to large GRAVEL,
a few cobbles, trace clay
above 37*

(SW-CW)

ii i»-

I ̂ v "I

I I I :

1 »-

TESTWC SERVICE CORPORATION^^ LQG CONTINUED



PROJECT BLACKWELL FOREST PRESERVE

FOREST PRESERVE DIST. OF DU PAGE CO., P. 0. 2339, GLEN ELLYN, ILLINOIS

mofiHG SV-12 DATE ITA»TEP 6-11-84 OATE 6-12-84 20,530

ELEVATIONS

GROUND SURFACE 827.7
WATER TAIL!

AT END Of BORING

END OF SORING 737.7

z w

LOCATION: 2 + 20 N
11 82 W

94 HOURS
WHILE DRILLING.
SHEET 1 OF 3

-78.0 Feet
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ELEV.

2A 7
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TO C 1795.7

SOIL DESCRIPTIONS

FILL: Brown silty CLAY, sone
gravel, trace sand (CL)

FILL: Black silty CLAY, trace
sand, gravel and organic

FILL: Gray silty CLAY, trace
sand and gravel, occasional
cobbles (CL)

•

FILL: Gray, brown and dark brown
silty to very silty CLAY,
trace sand and gravel.
occasional cobbles

(CL, Cl-ML)

TESTING SERVICE CORPORATION : LOG CONTINUED



••QJECT BLACKWELL FOREST PRESERVE

FOREST PRESERVE DIST.. OF PU PAGE CO.. P. 0. 2339. GLEN ELLYN. ILLINOIS

•opine SV-12 cont. DATE VTABTEP 6-11-8A DATE COMPLETED 6-12-8A 20,530

ELEVATIONS

GROUND SURFACE

END OF BORING

827.7
VATEft TABLE

AT END OF BORING _ .
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c
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WHILE DRILLING -78.0 Feet
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^T C ^775.7

m v.7

SOIL DESCRIPTIONS

FILL: Gray, brown and dark brown
silty to very silty CLAY,
trace sand and gravel,
occasional cobbles

(CL, CL-ML)

FILL: Brown fine to coarse SAND
and small to large GRAT^.
a few cobbles ^"^

(SW-GW)

FILL: Gray silty CLAY, trace
sand and gravel (CL)

— '

REFUSE with occasional silty
clay layers

TESTING SERVICE CORPORATION
79 BORING LOG CONTINUED



..A..rT BLACKVELL FOREST PRESERVE

n.«»>T FOREST PRESERVE DIST.. OF DU PAGE CO.. P. 0. 2339. GLEN ELLYN, ILLINOIS

>Qpinr. SV-12 cont. . 0ATE
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SOIL DESCRIPTIONS
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ABSTRACT

Groundwater contamination by organic and inorganic chemicals is a regional and

national problem; landfills are major potential contaminant sources. In this

study of the Blackwell landfill, DuPage County, Illinois, the contaminant plume

is delineated and related to the site -history and hydrogeology. Leachate

leakage is attributed partly to landfill construction problems. The landfill is

located partly on a sand-and-gravel aquifer and partly on thick, poorly

permeable till, all overlying an important dolomite aquifer. A roughly

concentric contaminant plume surrounds the landfill in the glacial materials. A

leachate leakage rate of between 600 and 3000 ft /day was estimated from

infiltration and leachate-level calculations. The leakage is rapidly diluted in

the aquifer; background TDS levels are reached on site. Volatile organics have

concentrations of over 100 ppb in the aquifer close to the landfill, but

decrease rapidly away. The contaminant plume appears to have reached

equilibrium, and does not extend off site. The bedrock is probably in

continuity with the glacial aquifer; however, the traces of organics found

therein are not clearly linked to the landfill plume and may originate from

other sources. This study has generated considerable field dtta which should be

valuable in future studies.

Booth, Colin J. and Vagt, Peter J.
• CHARACTERIZATION OF A LANDFILL-DERIVED CONTAMINANT PLUME IN GLACIAL AND
I BEDROCK AQUIFERS, NE ILLINOIS

P.oject Completion Report, USGS Project No. G1015-05, July 1986, 92 pp.

Keywords: Groundwater Hydrology, Sanitary Landfills, Organic Compounds,
Glacial Aquifers
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1. INTRODUCTION

!

Introduction and Objectives
i

This study delineates the groundvater contaminant plume from a landfill in

northeastern Illinois, and examines the hydrogeological setting and site

characteristics that control the contaminant pattern. The study is a site-

\ specific investigation, but also, because the site is so well-monitored and
i

well-documented, it serves as a reference example of a landfill in complex

', glacial materials overlying bedrock aquifers.

v-V- The Roy C. Blackwell Forest Preserve, DuPage County, Illinois (Figure 1)

was a classic sequential land-use site. Originally a derelict sand-and-gravel

quarry, it was used from 1965 to 1972 as a sanitary landfill for solid waste

(while further quarrying both prepared the site and defrayed the landfill cost) ,

! then was subsequently landscaped as a forest preserve with recreational lakes.

Monitoring wells were installed on the landfill and its perimeter, monitored,

and sampled - first by the Illinois State Geological Survey (ISGS) and later by

the DuPage County Forest Preserve District (FPD). Following the detection of

•:.v_ volatile organic compounds (VOC's) in certain wells in 1983, additional wells
i

, were drilled, and further hydrogeological investigations (including our own)

conducted. As a precaution, the swim lake was closed to the public, although no

contaminants had been found in it.

Our objectives in this study were to (1) reconstruct the history of the
1

landfill operation, in order to identify those landfill factors that might have
i
, contributed to the contaminant pattern development; (2) collate and evaluate

existing chemical and hydrologic data for the site; (3) characterize the site

geology and hydrogeology; (4) delineate the size and configuration of the

contaminant plume and determine the history of its development; (5) delineate
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the chemical variations within the plume. An ultimate objective, not

T

specifically included in this limited study, is to test existing contaminant-

transport numerical models on this site, for which an unusual abundance of data

i is or will be available.

The principal objectives of the study were achieved and are reported here.
j

A large amount of data on the site geology> aquifer characteristics, groundwater

j levels and chemistry, leachate levels and site hydrology has been collected or
t

collated in this study; only a summary is presented in this report. The
t

hydrologic budget for the landfill, and therefore also the calculation of

leachate production and leakage, remain uncertain estimates. However, we feel

that the characterization and interpretation of the site, its hydrogeology, and

the contamination of the glacial aquifer presented here is a well-evidenced,
*

substantive contribution to the understanding of landfill-derived contaminant

; hydrology. Although the contaminant data for the bedrock aquifer is somewhat

, ambiguous, the study has illustrated the significance of glacial-bedrock linkage

i in contamination problems.

Justification and Significance of the Wo*"1'
i

; Groundwater resource protection is recognized as a priority concern at both

T state and regional levels, as shown in policy documents such as the plan for

1 protecting Illinois groundwater (IEPA, 1986). Volatile organic compounds have

been noted as widespread pollutants. Many organics are toxic or carcinogenic.
i

Of the commoner sources of organic contaminants, landfills are potentially

j serious because they can produce large volumes over long periods.

Although much research has recently been undertaken into the hazards of

organic chemicals, of the methods of detecting them in groundwater, and of the

mechanisms by which they are transported, the problems are complex and there is



a recognized need for more detailed knowledge (Mackay et al., 1985). Much
r

current research is being conducted by laboratory and model studies of the !

transport and attenuation mechanisms, but because of the expense, time
r

requirements, and lack of control, detailed field studies are less common. Yet (

field observations of contaminant behavior can provide valuable insights into

the processes and controls and the evaluations of concepts and models.

The Blackwell site affords an excellent opportunity to examine the behavior I

of contaminants in the vicinity of a landfill in unconsolidated materials.
f

Numerous monitoring wells have been installed since the landfill closure in \
f'̂

1972; detailed stratigraphic information is available from boring logs, from ^.
i

later split-spoon samples and from cores of the underlying dolomite bedrock.

Sample collection and analysis has been conducted since 1972, and since 1980 1

sampling for basic inorganic parameters has been carried out two to four times

annually. Since the fall of 1983, samples have been analyzed for volatile (

organics (VOC's). Opportunities for pump testing, monitoring, and other

investigations are abundant. Furthermore, the site itself is a representative

case of a typical mid-western hydrogeologic environment: unconsolidated glacial

ir~'-°rials, both pp--—>°qble and poorly permeable, overlying a bedrock aquifer.
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i

2. HISTORY OF THE BLACKWELL LANDFILL

The most basic control of groundwater contamination is exercised by the
i

4 landfill itself: its design, construction, content, and integrity. Therefore,

j the first study objective was to examine the history of the landfill —
i

information that, while accessible, vas not available in a collated form.

! The records of DuPage County FPD were examined in detail and the results, based
"i

on reports, memos, correspondence, etc., are reported here for the development
1

and design, construction, and post-construction phases. Geological and

) "— " hydrological description and results are presented in later sections.
!

4

' Development and Design.
•

The sequential land-use Blackwell Concept was conceived by DuPage County in
"l
\ the 1960's in response to several pressures: Major urban growth was projected in

the county; the Northeastern Illinois Planning Commission (NIPC) was urging
i
' local governments to maintain open-space "green belts"; and several county

waste-disposal sites were nearing capacity and closure. DuPage County's

innovative plan was to use derelict FPD land for a solid-waste landfill and
!
j subsequently landscape the site for a recreational park; excavation would create

lakes, defray landfill costs, and provide fill-and-cover materials.

' Both the Illinois State Geologic Survey (ISGS) and the Illinois Sanitary

• Water Board (ISWB) expressed reservations about the site's suitability as a

landfill. K. Piskin (ISGS) listed three unfavorable factors — the site's

] position on the edge of the Warrenville cone of depression, the extensive

permeable sand and gravel in the area, and the probable connection between the
t

recreational lakes and the buried refuse — and advised further geological

studies of the site's suitability. C.W. Klassen (ISWB) commented that pollution
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prevention measures should be possible. NIPC engineer J.R. Sheaffer wrote (Oct.
r

11, 1963) to FPD Director H.C. Johnson that the Blackwell site was particularly j

unfavorable for refuse disposal because of the geologic environment and valuable

groundwater, and suggested that other areas of DuPage County were more [

favorable. «•"

However, the County Board of Commisioners proceeded, and requested comments

from NIPC metropolitan division on the desirability of developing Blackwell j

Preserve as a nonresidential public area. NIPC Executive Director M.L. Rockwell

recommended acquiring additional land around the site to realize recreational, '

flood-control, and refuse-disposal benefits. };

Sheaffer, now in charge of developing an environmentally secure landfill,

recommended that: 1

1. The landfill should be operated for the short time of three years;
/

2. To meet ISGS and ISWB recommendations, the hill should be based on the (

higher-level region west of the main gravel pit; r-

3. Instead of the standard trench-and-fill procedure, clay berms should be

built to form above-ground "trenches"; '

4. Refuse should be enclosed in a series of small cells;
~~̂

5. The large volume of clay needed to seal the refuse could be excavated from [

the lake area, where initial test borings had indicated 25 - 40 ft of clay .

till between gravel and dolomite bedrock; '

6. Runoff should be diverted and leachate should be collected in a system (
I

constructed 300 ft west (downgradient) of the landfill;

7. The completed hill should rise to fill approximately 180,000 cubic yards of I

air space.

DuPage County acquired over 1000 surrounding acres. Their consultant, \~

William Rose and Associates (Rose), submitted preliminary design specifications {

1

L
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(October, 1966), which became the Blackwell master plan. They recommended that

! the hillfill cover a 3S-acre area, that a 3:1 clay refuse ratio be used, and

that the fill be built as a honeycomb of one-acre cells. Each cell would have a

i 1%-ft clay base and a perimeter berm 8-9 ft high; it would be filled by two 3-ft

! lifts separated by 6 inches of clay, and would be covered by 1*5 ft of clay which

would form the base of the overlying cell, offset to maximize stability. The

j site would have a final 12-ft layer of compacted clay, covered by soil, and

vegetated. The Public Works Department was contracted to build the landfilli»
< under FPD supervision and according to the specifications in Table 1.

Table 1. Terms of Original Construction Contract for Blackwell Landfill

To coordinate their joint effort the FPD and Public Works drew up a.?

1 contract with the following construction specifications:

f

Berm Height A feet per lift

Berm Width 11-12 feet at top

Refuse Height 3 feet per lift

i Minimum Daily Cover 6 inches of clay or mixture

i of clay and gravel
j

Floor Construction 2 feet of blue clay minimum,

; dove-tailed into existing
i

blue clay

I Temporary Cap 1-2 feet of sand, gravel,

clay, or mixture

Refuse Compaction Obtained by maximum use of
F

site tractor crossing deposited

refuse
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Construction (1965-1973).

r

Landfilling and lake excavation were conducted simultaneously. Clay and |
l

aggregate excavated to form the north lobe of Silver Lake (the south had been

quarried before 1965) were used for landfill cover, while sales of aggregate ;

partly paid the costs of landfilling.

By 1967, the shape of the hill and the general cell layout had been

determined. Brief instructions and simple plans show such strategies as <
t

building the southern and central cells first to maintain drainage and an easy

grade for scavenger trucks, but no records were kept of daily procedure to

indicate how construction was continued after the initial levels of the eight j

planned cells were filled. A site photograph shows a clay base that was the

start of the landfill, and is captioned "2-ft of blue clay forming base of cell

1."

Although the original layout was generally followed, significant deviations <

from design occurred. In the original gravel operation, a drainage ditch had
\

been cut between the south end of Silver Lake and Spring Brook, and later partly '

filled with concrete, logs and brush. Cell 8 of the landfill was built over the

ditch but, from boring logs from landfill vents SV-10 and DV-4, the cell does

not seem to have a clay base liner. (Figure 2 shows locations of cells and
i.

vents on the landfill.) Additionally, though the plan designates the region

northeast of the landfill as a non-dumping area, refuse was found while '

augering SV-5 and DV-9 in that area: another sign of deviation from the plan.

Further problems are indicated by a series of letters (1965-1968) between the

FPD and the Public Works Department, through which the FPD accuses the PWD of:
\_

(1) instructing public-works personnel to disregard FPD instructions and

requests; (2) failure to cover refuse at the end of each day; (3) using v_

insufficient fill between individual refuse cells; (4) using sand and gravel for
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! I
all cover; and (5) complete disregard for design specifications for at least

several months in 1968 when the fill was operated as an open dump. In May, }
1 i

1968, FPD personnel refused to be associated further with the project. In May, ^_

1969, the FPD was given responsibility for forming the clay bottoms and side ( ,

berms. .—••.

The landfill was completed in 1973. The last refuse was buried just below

the 800-ft elevation level in the western (cell 4) area, and 50 to 60 ft of clay j

were added to form the final hilltop which, at 846 ft elevation and 150 ft above
r

the surrounding land, is the highest local point (now called Mount Hoy). The /

hill covers about 40 acres and contains about one million cubic yards of refuse,

and an equal volume of natural fill (cf. the original area and refuse/fill ratio

specifications, above). The hill is covered to final grade with between two and '

fifteen feet of cover variably composed of sand, gravel, and (often very little)

clay, and was finished with four inches of topsoil, which was vegetated. (

In the early 1970's, the Blackwell Concept was nationally hailed as an r

efficient solution to the dual problem of waste disposal and the need for urban '

green space. It was written up in several popular publications, including

Fortune (Sanford, 1970) and National Geographic (Blair and Young, 1970).

Community planners and environmental studies classes visited the site. {

Even before completion of the landfill, G. Hughes, ISGS hydrogeologist, had

recognized the experimental nature of the Blackwell project and initiated '

several studies of the site. I
U

Post-Construction Phase

Leachate levels were recorded in a well installed in the landfill in 1968

by ISGS. They rose about 5 ft per year until 1970, then at about 1 ft/year

until 1980, when they stabilized in that .section at about 760 ft. Because the

L
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increases correlated with increased cover material placed on the landfill, it

' was concluded that the rising level was caused by compaction rather than
i

infiltration of surface water.
i

, In the early 1970 's the ISGS, supported by a grant from the Illinois

i Institute for Environmental Quality (later Illinois Environmental Protection

Agency, IEPA) , installed ten monitoring wells: two in the landfill, and eight

around the perimeter. However, laboratory analyses of monitoring-well samples
i

were not conducted until 1980. In 1980, the consulting firm SMC Martin (King of
t

i Prussia, Pennsylvania) conducted an unpublished environmental study of the

( -^ Blackwell site as part of a U.S. Environmental Protection Agency contract to

compare landfill designs. Their draft results, sent to the FPD, suggested that:

infiltration would produce 180,000 gallons of leachate annually; that the

, resultant groundwater mound would be distributed radially and join the regional
i

i gradient to the southwest; and that the flow paths would be short and

% attenuation negligible, although contaminants would be significantly diluted and

dispersed as they discharged toward the West Branch of the DuPage River or into

the dolomite bedrock aquifer.
4

— Eldredge Engineering was retained by the FPD to evaluate the SMC Martin
T
]

i report. Eldredge 's criticisms included the following: the monitoring wells were

» not capable of giving representative samples; SMC overestimated infiltration

and, therefore, leachate; that attenuation and chemical interaction within the

fill were not considered. They also stated that the groundwater mound was the

result of capillary attraction and the ability of the more absorbent materials

1 to retain water abwe the surrounding soils.

' In early 1980, brown leachate seeps were noted around the landfill.

Eldredge called for a more comprehensive monitoring program and contracted with

Testing Services Corporation (TSC) to place 12 new wells ; 5 to bedrock. They
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concluded that the leachate seeps were caused by "localized conditions" and

could be mitigated by regrading and redirecting runoff with drainage-ways and

culverts, and that because the water quality in the up-gradient and down-

gradient wells was similar, the landfill had not degraded the groundwater

quality.

Leachate seeps continued despite the recommended landscaping. The FPD then

suspected that natural gas build-up within the hill was expelling liquid and

causing fissures which allowed increased infiltration of surface water. In

spring, 1982, 16 gas vents and three more perimeter monitoring wells were

installed.

In the spring of 1983, the FPD allocated funds to conduct quarterly

sampling for organic and inorganic contaminants. Several of the volatile

organic compounds (VOC's) from EPA's priority list (USEPA, 1973)

were found at monitoring points south and west of the hill. More monitoring

wells were emplaced. Although samples of surface water from the site were

uncontaminated, as a precautionary measure the FPD kept the swimming beach — a

prime attraction of the Preserve — closed in 1985 and 1986.

In September, 1984, Dan Raviv and Associates were retained by the FPD to

assess the potential impact of the VOC's ac-i to make recommendations about

further use of the swim beach. Raviv identified the landfill as the source of

VOC contamination, calculating the total volume of refuse at 43 million cubic

feet. Finding no systematic variation in individual organic contaminants with

time, he summed all detected VOC's into a single parameter, Total Volatiles

(TV's), and noted that there was a generally decreasing pollutant trend in TV's

between December 1983 and September 1984 . (Table 2). Raviv calculated that the

landfill contains about 50 million gallons of leachate and noted that, although

there is no immediate threat of contaminating surface water or the dolomite
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aquifer, that potential remains. He recommended that the swim beach be kept

closed, that the VOC monitoring program be continued, and that a groundwater

model be developed to aid in assessment of long-term prediction and migration.

Table 2. Contaminant Trends Recorded in Monitoring Wells, Dec. 1983-Sept. 1984

(Dan Raviv and Associates/DuPage County FPD).

Number of Wells Percentage Behavior

• 19 42 Zero Concentration (0.30 ppb TV)

16 36 TV present but no trend

i
5 11 Increasing concentration

5 11 Decreasing concentration

"1

! Summary and Conclusions from Historical Research. The history of the Blackwell

site has been elucidated through research of the diverse records of the FPD.

•! From the abbreviated version above, it is clear that Blackwell Concept, an

innovative approach to solving environmental problems, had a flaw: The landfill
i
i leaks leachate. The problem arises from the combination of two factors. First,

j the site is unfavorable, because of the extensive glacial sand-and-gravel

aquifer, the underlying bedrock aquifer, and the incomplete clay cover. Second,

; the landfill as constructed did not follow the design criteria. The working

design by Rose did not follow Sheaffer's original plan; the area and volume were

i vastly increased, the ratio of waste to fill was worsened, and the proposal for

a leachate collection system was dropped. The construction then failed to

follow the working design. Although the layout plan was followed, the refuse

disposal procedures were ignored, the construction changed the hydrologic
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regime, and the landfill basal clay liner and cover layers were, in part,

misconstructed using inappropriate materials. The landfill therefore took on

water during construction and leaked leachate later. However, the use of gravel

for the cover may have, paradoxically, minimized infiltration into the refuse by

intercepting it and by reducing cracking of the clay cover where it exists.

1
1
i.
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3. HYDROGEOLOGY OF THE BLACKWELL SITE

|
i
t

( Geology

» The Blackwell Forest Preserve is located in west-central DuPage County in

J northeastern Illinois (Figure 1). The area is within the glaciated Central
i

Lowland Province and is covered with glacially derived unconsolidated sediments.

The surface topography, which bears little relation to the buried bedrock

topography, slopes broadly from northwest to southeast across the county with a

- total relief of about 245 ft. The most prominent natural features in the area

are a series of concentric moraines roughly parallel to the Lake Michigan shore.

The East and West Branches of the DuPage River, the Des Plaines River in the
!

• west, and the Fox River in the east provide the main surface drainage, flowing
k

generally southward between the morainal ridges. The highest landscape features

1 in the county are, in fact, the landfills.
m

] In total, 55 wells and boreholes have been drilled across the Blackwell
i
«

site (Figure 3); of these, 16 penetrate the bedrock. Detailed strata logs are

available from most of these holes, and additionally split-spoon samples of the
i

— unconsolidated material and some cores of the bedrock were obtained. T̂ 10 site

i geology has been determined from this information using sections and maps.

' The bedrock underlying northern Illinois is a thick sequence o'f Paleozoic

sedimentary rocks following major structural features. DuPage County lies on
>
i the northeastern flank of the Kankakee Arch, which separates the Michigan and

Illinois Basins to the east and south respectively. The rocks are folded into a
•i

-J serieo of gentle anticlines and synclines, and broadly dip east and southeast at

about 10 ft per mile.

Silurian rocks form the upper bedrock in the immediate area. At the top
«

are the dolomites of the Niagaran Series, comprising three formations: the
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lowest shaly dolomite, the middle ranging from a clean dolomite to silty,
!
i argillaceous, and cherty dolomite, and the upper characterized by reef strata.

( Beneath the Niagaran are shaly dolomites of the Alexandrian Series, and beneath
I
' these, separating the Silurian rocks from the thick sandstone, limestone, and

i dolomite sequence of the Cambrian and Ordovician, is the Ordovician Maquoketa
*

Formation, consisting mainly of shaly dolomites and shales with dolomite

! interbeds.

The bedrock surface, subcropping beneath the glacial drift cover, exhibits

• a subdued relief created by pre-glacial stream erosion and modified by glacial

! erosion. (Horberg, 1950; Suter et al., 1959; Willman, 1971). The resistant

Niagaran dolomite formed a wide cuesta, whose western escarpment was the ancient

Mississippi-Michigan drainage divide. In Kane County, to the west, the softer
»

Maquoketa outcrop was a broad vale. The cuesta1s eastern backslope carried

• eastward-flowing streams in valleys, but is relatively flat and not deeply

• dissected; its total relief is about 100 ft. DuPage County lies on the eastern

backslope terrain.
t .

Contours on the bedrock surface of the site, drawn from the borehole

information (Figure 4), indicate a northward slope with a local bedrock high in

' the southwest, a valley running east-west across the north edge of the site, and

] possibly a minor tributary valley running to it along the western edge. The
i

bedrock surface relief across the site is 38 ft.
t
i Deposits of the Woodfordian Substage (Wisconsinau Stage) of the Pleistocene

dominate the surficial materials and surface topography of northern Illinois.

* In Voodfordian time, glacial ice flowing westward from the Lake Michigan basin

' overrode the Niagaran cuesta and spread out on a series of lobes to the west and

south. Layers of till and a succession of moraines attest to the repeated
i

advances and retreats of the ice. The detailed stratigraphy and glacial history
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for much of this Woodfordian area have been reconstructed (Willman et al.,

* 1975), although relationships between till members in several places have yet toi

be determined (Johnson et al., 1985). Characteristically, the moraines have

i higher topography, rising 30 to 80 ft above the surrounding terrain.

\ Stratigraphy in the intermorainal areas is complex, consisting of a variety of
•t

i
sediments: lodgement tills, ablation tills, lacustrine deposits, and outwash

i
' deposits, primarily sands and gravels which form the principal glacial aquifers.

Three till members of the Woodfordian Wedron Formation have been identifiedi
.i
i at the Blackwell site: Tiskilwa, Maiden, and Yorkville. The Tiskilwa is

T """"• generally described as a sandy, pink-tan to reddish brown till; the Maiden is
'i

silty yellow-gray to gray, locally sandy, with discontinuous beds of sand and
T

gravel; and the Yorkville is a very clayey gray till (Willman et al., 1975).
A

The Tiskilwa mantles the bedrock across the entire site, thinning from
I
"i approximately 12 ft in the north to less than 3 ft in the south. In the eastern

i part, the Tiskilwa is overlain by AO to 80 ft of Maiden and Yorkville tills,

while to the west, between the landfill and the DuPage River, it is overlain
T

; directly by up to 30 ft of sand and gravel of the Henry Formation (Batavia

member). This geometry arises because th" --'te is located *'-st beyond the

i western edge of the West Chicago Moraine, along which the Yorkville till was

| deposited. Meltwater from the glacier formed a river which flowed north to

south along the front of the moraine, dissecting and eroding previously

: deposited till, and depositing the Henry outwash sand and gravel.

Detailed stratigraphic analysis was conducted for the Fermi National
f
i Accelerator Laboratory, two miles west of the Blackwell site, by ISGS (Landon

' and Kempton, 1971). Clay mineralogy and texture analysis were used to identify

five stratigraphic units in the glacial deposits. Split-spoon samples from six

borings at the Blackwell site (G131 to G136) were submitted to ISGS for analysis
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and identification, and have been definitively correlated to the Fermi
f

stratigraphy (B. Curry, ISGS, personal communication to Vagt, 1985). j

The borings from Fermi lab show a consistent stratigraphy both vertically
t

and horizontally. While the general stratigraphy is similar, the borings from { ,

the Blackwell site are less consistent. On the basis of clay mineralogy and

geomorphic position, Curry suggested that most of the materials were deposited L

in a supraglacial environment or in a subglacial environment in association with j
b _

a large volume of meltwater.

Cross section A-B (Figure 5), from Silver Lake at boring G132 southwest [

under the landfill to G133 near Spring Brook, shows that 3 to 12 ft of mixed .̂-''i
i

composition diamicton, correlated to the Tiskilwa, overlies the bedrock. Its

composition is generally silt or silty sand, somewhat finer to the east. In the •
L

eastern part, the Tiskilwa is overlain by 10 to 15 ft of the Maiden till, which
i

is bounded on the bottom by one foot of sand and gravel overlain by one foot of I

laminated silt; the Maiden thins and disappears to the west, and was not found
1

west of the landfill. The Yorkville, the thickest till on the site, is the ;

"blue clay" which was used in the landfill construction. It is thickest near

Si.1' ' Lake, but ap^ to thin rapidly to the south and west of the landfill,

being absent at borings G116, G121, and G133. Two units of the Yorkville have

been described at the Fermi site: a lower basal till, separated from an

overlying ablation till by a thin layer of finely laminated silt, sand, or i

gravel. Many of the boring logs show such a separation at the Blackwell site.

i.
The Henry Formation generally consists of glacial outwash sand and gravel,

locally containing silt beds. It is not overlain by till, but sometimes is

continuous with sandy deposits that intertongue with tills. Although not found

at the Fermi site, the Henry, in the form of the Batavia outwash member, is \,

found extensively at Blackwell, dominating the glacial section in the western
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part and lying over most of the site. Though no borings have been made south of

the swim lake, it is thought that the Yorkville thins south and the Henry

dominates in that region also.

Hydrostratigraphy

The hydrostratigraphy of northern Illinois has been defined in reports such

as Suter et al. (1959) and Hughes et al. (1966). The deeper Cambrian-Ordovician

aquifers are effectively isolated from the shallower systems by the Maquoketa

Aquifer and are not considered here. The Blackwell site stratigraphy is

summarized in the column in Figure 6. Though regionally the Silurian dolomite

and glacial aquifers are considered to be a single hydrostatic unit, on a local

scale they are separate and distinct. In the following sections, the

hydrogeologic units are introduced based on a review of the literature, then

examined on the basis of investigations at the Blackwell site.

Maquoketa Aquitard. The Maquoketa consists of two shale members with an

interbedded dolomite with shale interbeds. In reports such as Suter et a].

(1959) and Csallany and Walton (1963), the Formation is considered

nonwaterbearing except for occasional small yields from crevices in the

2 -9
gpd/ft (2.36 x 10 cm/s) for the Maquoketa in DuPage County. Zeizel et al.

r

r

dolomite. Walton (1960) suggested an average vertical permeability of 0.00005

1.

L
(1962) consider that the Maquoketa is a partial barrier to downward leakage of

water from the shallower aquifers to the Cambrian-Ordovician Aquifer; they show

its thickness in the study area to be about 100 ft. In the context of the

study-area hydrogeology, the Maquoketa can be considered an effective lower

boundary to the systems of interest.

Dolomite Aquifer. The Silurian dolomite aquifer is the primary water source in \_

the area. Numerous domestic wells and municipal wells, including the <
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Warrenville wells, are within two miles of the landfill which, according to a

piezometric surface map given by Sasman et al. (1981), is within a major j

recharge area for the aquifer. _

The Silurian dolomite in DuPage County is generally 100-200 ft thick.

Though some veils have been developed into the basal layers of the Alexandrian, ~
t

the major water-bearing zones are found in the Niagaran dolomite, especially in

the upper fifty feet. Primary porosity contributes little to the water-bearing i

characteristics; most of the water flows through a network of joints and
i

fissures. Joints observed in quarries, tunnels, and outcrops are seen to be !

irregularly spaced, often tight but often fairly wide, with widths up to one ^-f
i

foot (Zeizel et al., 1962). Although some openings are clay-filled, most

are open to flow. Widening is common where joints and fractures intersect shaly j

layers; smaller horizontal solution openings exist along bedding planes,

particularly in dolomites above shaly zones. In general, enlargement of joints i

by weathering and solution has been greatest in the upper layers. ,-

Well yield varies from place to place and is strongly related to the size

and number of interconnected joints. That these openings are well connected is

indicated by the reliability of water sources, the generally high yields, and ^

the relative uniformity of the potentiometric surface (Zeizel et al., 1962).

According to Suter et al. (1959), shallow dolomite wells in NE Illinois range in /

specific capacity from 0.1 to 500 gpm/ft. Csallany and Walton (1963) report on

two tests in DuPage County: at Wheaton (near the Blackwell site) and at Argonne

National Laboratory (in the SE corner of the county). Transmissivities were

61.0CO and 44,000 gpd/ft (758 and 546 m /day) and storativities were 3.5 x 10 [_

and 9 x 10 respectively. Interference was noted between wells more than one ,
i

half-mile apart, indicating that water-yielding openings extend for '•

considerable distances. Sasman et al. (1981) calculate the overall specific " *
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i
yield of the dolomite aquifer in DuPage County at 0.017, and note that yields of

I
wells are generally higher when the dolomite is overlain by basal

<

- sand-and-gravel deposits. They also note that withdrawals from the dolomite

exceed potential yield in DuPage County, causing excessive withdrawal from

i storage and dewatering of the aquifer in wide areas.
>

The bedrock surface may have particular hydrogeological significance. It
i

is well established that the exposed, weathered layers of bedrock in unglaciated

regions are zones of extensive permeability development, especially in carbonate

. -^ rocks where solution opens the joints and fractures. For example, the

) Cambrian-Ordovician limestones and dolomites exposed in central Pennsylvania
t

host a very active groundwater flow system (Parizek, White, and Langmuir, 1971).
~t

Additionally, shallow processes enhancing permeability in consolidated rocks
<

types include stress-relief fracturing along valleys (Wyrick and Borches, 1981).
(
i Because the latter are often related to valleys, and because in normal

topography groundwater flow and solution are concentrated toward valleys,

valleys tend to be the zones of greatest bedrock permeability.
!•".

In pre-Pleistocene times, the exposed bedrock surface was subjected to these

permeability-enhancing processes. Although the shallowest features may have

) been destroyed by glacial erosion, it seems probable that at least some of the

relict enhanced permeability of the bedrock surface remains, and that

furthermore it is related to the buried topography (Suter et al. 1959). The
*
. uppermost bedrock forms an extensive aquifer beneath the glacial cover. It can

accept water from the overlying glacial aquifers — which are locally in direct

I continuity with it — but may shunt it laterally. Contaminants may be deflected

and appear in unexpected positions and, because the localized fracture

permeability may be very high, with unexpected rapidity.
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Glacial Aquifer. In DuPage County, only about 2% of water is pumped from

glacial aquifers, compared to 682 from the dolomite aquifers and 302 from deeper

sandstones- (Sasman et al. , 1981). However, the glacial aquifers are the major

recharge sources for the deeper aquifers; a strong correlation has been noted I

between the yield in dolomite wells and the occurrence of overlying ~
\t

coarse-grained, saturated, unconsolidated deposits (Schicht et al., 1976). The

jglacial aquifers are also vulnerable to contamination from surface activities

ri
and can transmit contaminants to glacial wells, to surface waters, and to the

deeper aquifers. j

Glacial-outwash sands and gravels are aquifers on a local, shallow scale, ^'

and can be highly permeable. Zeizel et al. (1962) report that specific

capacities of sands and gravels in DuPage County range from 1.0 to 40.7 gpm/ft 1
2 ~~

(16.6 to 676.1 m /day), and that the potential yield is often high enough to
[

support industrial or municipal well development. Berg, Kemp ton and Cartwright !

(198A) , in a study of the contamination potential for shallow aquifers in

Illinois, note that clean sand and gravel can have hydraulic conductivities

-3 2greater than 1 x 10 cm/s (20 gpd/f t ) , while values for silty sand can be as ;

low as 1 x 10~5 cm/s (0.2 gpd/f t2) .

The till units are aquitards, limiting groundwater movement. Clayey tills |

-9 -7in Illinois have hydraulic conductivities in the range 1 x 10 to 1 x 10 cm/s

(2 x 10"5 to 2 x 10~3 gpd/ft2) while tills with less than 252 clay range from 1 '•

x 10~8 to 1 x 10"6 cm/s (2 x 10~4 to 2 x 10~2 gpd/ft2), and gravelly tills can [
L

be more permeable still (Berg, Kempton, and Cartwright, 1984). Grisak et al.

(1976) have shown that the field (bulk) hydraulic conductivity of fractured till j

can be up to three orders of magnitude greater than the laboratory conductivity.

Evaluation of Hydraulic Properties V

The purposes of evaluating the hydraulic properties of the geological i

materials at the site were:

L
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(1) To test and elaborate the qualitative classification of hydrostratigraphy,

presented above;

(2) To delineate the variations in hydraulic characteristics across the site,

and hence the controls of groundwater flow and contaminant transport;

(3) To obtain quantitative data from which estimates of flow quantities can be

made and which can be utilized later in numerical modeling.

Hydraulic properties were determined from laboratory and field (pumping

test) methods. Methodology and results are presented below.

Laboratory Analysis. Representative samples of each unconsolidated unit from

the Blackwell site were obtained by split-spoon sampling of boreholes and tested

in the laboratory for total porosity and permeability.

Several samples of the coarser units were weighed dry, saturated, and

reweighed to calculate total porosity. Sand and gravel samples had porosities

of 0.21-0.23; silt samples had porosities of about 0.30.

Permeabilities were obtained from disturbed samples of the non-clay

deposits, using a SOILTEST K-605 falling-head permeameter following the pro-

cedures outlined in Todd (1980). Each sample was 6.5 to 7.0 cm long and 6.35 cm

in diameter. The falling-head formula used (K605 operating instructions) was:

Q * L log hl

13.76 * t * (hx - h2)

where K « coefficient of permeability, cm/sec
3

Q » flow, cm /sec

L • length of sample, cm

t - time, sec
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h1 = initial height of water column above chamber

outflow port, cm

h_ - final height of water column above chamber

outflow port, cm

The results (Table 3) from the permeameter tests are at best only very

rough estimates of the field values of permeability: the samples are disturbed f 1

and recompacted in handling, and the laboratory results are only point values

f ]
which may neglect larger-scale permeability controls such as Jointing in the '

i i

tills. Indeed, it proved impossible with the equipment available to obtain .-•

^permeability measurements for the tighter tills (the clayey Yorkville, for '

example). However, in a broad sense the results give a comparison between . '

u
different geologic units.

Pumping Tests. Pumping tests were conducted at 27 monitoring wells, using a i

12-15 gpm submersible pump. Hydraulic conductivities varied from very high

(greater than 1 cm/sec) to extremely low (less than 5 x 10 cm/sec). High I

values were common in the outwash and the dolomite. Wells in these materials

were pumped for times ranging from Jj to 1 hour; though these times are quite

short, the proximity of recharge boundaries coupled with high permeabilities and I

low storativities resulted in rapidly stabilized drawdowns in most wells. In
1 !

addition, the limited pumping rate possible with a pump which will fit into a i

four-inch well limited the maximum possible drawdown.

Most tests were conducted as single-well pumping tests. Two wells were, L~

however, pumped using multiple observation wells. The results were consistent
v_

with the single-well test results. Low hydraulic conductivities were observed

in several limestone and most till wells; the pump was used in these cases to k

conduct bail tests, quickly removing up to 15 gallons for an effectively
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Table 3. Permeameter Results

WELL NO INTERVAL (ft) UNIT K ft/min (cm/s) DESCRIPTION

4

1

i
ii

r
•

i
i

=t

I

\
i

• i

i —i

f

i
i
i
i
i

]

G-103S

G-118D

G-130

G-131

G-131

G-133

G-133

G-135

G-136

G-136

G-131/134

41-47 YORKVILLE

47-57 TISKILWA

13-23 HENRY

16-24 HENRY

24-32 HENRY

20-24 • HENRY

34-40 TISKILWA

50-55 TISKILWA

45-50 MALDEN

23-26 HENRY

38-41/50-55 TISKILWA

3.9 x 10~6

3.2 x 10"2

7.3 x 10~4

1.0 x IQ~1
9.7 x 10"*

1.6 x IQ~\
1.1 x 10" J

9.3 x 10~2

6.8 x 10~J
4.9 x 10~°

9.3 x 10~*
5.6 x 10"?.
5.6 x 10~3

6.5 x 10~2

2.5 x 10~,
2.6 x 10

7.9 x 10"J
6.7 x 10

8.5 x 10"J
5.7 x 10~"
3.0 x 10"°
3.2 x 10~°

(2.0 x 10~6)

(1.6 x 10~2)

(3.7 x 10~A)

(5.1 x 10~J)
(4.9 x 10"*)

(8.1 x 10~S
(5.6 x 10" )

(4.7 x 10"2)

(3.5 x lO'jj)
(2.5 x 10"°)

(4.7 x 10"b
(2.8 x 10"̂ )
(2.8 x 10"3)

(3.3 x 10"?)
(1.3 x 10,)
(1.3 x 10" *)

(4.0 x 10" J)
(3.4 x 10~*)

(4.3 x 10"J)
(2.9 x 10"!!)
(1.5 x 10"p
(1.6 x 10*°)

silty sand

silt, dolomite
bedrock

sand, gravel

f-m sand

»-c sand, gravel,
bldrs.

f-c sand, gravel

sand, sandy silt

v. fine sandy silt

coarse sand, gravel,
cobbles

m-c sand, gravel

silty sand/silty
clay
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instantaneous withdrawal. The recoveries, which took from several minutes to

several days, were analyzed for aquifer properties. j !
i

Water yields from many wells were too low to permit continuous pumping. In
i ^i

these cases, bail tests were used to provide an estimate of the hydraulic i '

properties of the formation screened. Various limitations of such tests are - •••

that (1) the properties represent only a small region immediately adjacent to

the well; (2) the analytical solutions available ideally refer to homogeneous, j

isotropic medium with non-leaky conditions and a specific size and shape of test
/

space at the end of the piezometer. These conditions are not generally (

satisfied, and determining the exact test dimensions is difficult: ^fc

The screen length is 5 to 10 ft (1.5 - 3 m) and the diameter the size of the 6

or 8 inch auger used to bore the hole. Two solution methods, Hvorslev (1951)

and Nguyen and Finder (1984) were used to analyze the data.

The Hvorslev method (in Cedergren, 1967) presents several formulas which

can be used to estimate formation permeability by bail or slug tests. The

"falling head" and "time-lag" methods were used in this study. The hydraulic '

conductivity determined is the average value for the whole screened length. At

the Blackwell site, the permeable layers are con ly sandy and :'"-y horizons

within the till. Here the composite thickness of the permeable layers was used

as the screen-length parameter for the analysis.

The Nguyen and Finder method analyzes slug test data (the recharge-test I

analogy to bail tests). The method is conceptually superior to other slug test |
L

methods because the mathematical formulation accounts for the well storage

effects and for partial aquifer penetration; it also provides an estimate of

formation storativity (S). The formula and methods of graphing the data are

given in Nguyen and Finder (1984). I
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For aquifer testing of the out wash, the main method used was single-veil
!
t pumping tests, because of the combination of low pumping rates, high

( . permeabilities, and relatively large distances between veils. The data were

analyzed by the Theis recovery method (Kruseman and deRldder, 1979), the

j assumptions for which are: (1) the piezometric surface is approximately

horizontal; (2) the discharge rate is constant; (3) storage in the veil can be

1 neglected; (4) the aquifer is apparently infinite in extent; (5) aquifer is

f homogeneous, isotropic, and of uniform thickness; (6) aquifer is fully

penetrated by the veil; (7) vater removed from storage in the aquifer is
T

\ discharged instantaneously with decline in head.

Assumptions 1-3 are valid for tests conducted in both the outvash and

3 dolomite aquifers at the Blackvell site. Assumption 4 is probably valid for the

i dolomite aquifer but not for the outvash, which has a boundary against the till

Bound under the landfill area; therefore, the permeability is liable to be

1 underestimated. The swimming lake and Spring Brook nay act as effectively

infinite recharge boundaries for the outvash aquifer; their effects, depending

I on location of the pumped wells, would be to limit drawdown. Assumption 5 is at

1 least nominally invalid for the dolomite aquifer. Sasman et al. (1981) have

noted that the water-bearing capabilities of the dolomite aquifer are largely

] dependent on fractures in the upper 20 - SO ft; our own observations indicate
i

that the dolomite is quite heterogeneous. Assumption 6 is generally invalid,

I because none of the wells tested by continuous pumping fully penetrates the

i aquifer; the effect is liable to be a slight underestimation of aquifer

transmlssivity.

' Two pumping tests were conducted with multiple observation wells. Data
t
_ were analyzed by the Jacob straight-line method (Cooper and Jacob, 1946). The
t

I assumptions and limitations are the same as those for the single-well tests

~ above.
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Test Results. The results of the pumping tests are presented in Tables A and 5,

and all results are summarized in Table 6. As might be expected, the most j

permeable material is the outwash sand and gravel, and the least is the clayey

Yorkville till. The sole permeameter result for the Maiden is not truly '

representative of this unit, but comes rather from a sand layer contained within •~
t

it; generally the Maiden is much more clayey and less permeable. The result
*

illustrates, however, that the till units are quite heterogeneous. Sandy and 1

silty layers occur within the tills and can provide exceptional permeability in

an otherwise poorly permeable unit. i

The Tiskilwa Till is poorly permeable, but not as much so as the Yorkville. -~S

It forms, in effect, a leaky aquitard. The dolomite bedrock permeability is

dominated by fractures and is thus very heterogeneous. The matrix permeability j

is extremely low, whereas the fracture permeability can be extremely high. For

example, in well G133 drawdown was so slight and the recovery was too rapid for [

any meaningful analysis. It is interesting to note that G133 is located in the

minor bedrock valley zone along the western side of the site — perhaps

confirmation that the buried topography might be related to permeability

variations. A bedrock core from G133 consisted of generally tight dolomite,
i

with occasional vuggy horizons providing some porous layers. The core |

intersected a steeply dipping fracture with a weathered surface, evidence for (

past groundwater flow and for the presence of fracture permeability.

Groundwater System at the Blackwell Site.

Four major hydrostratigraphic units can be defined at the Blackwell site: i
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Table 4. Pumping Test Results: Single Well Teats

Veil No. K (ft/min) (cm/s) Unit Method

G-101

G-102

C-103S

C-103D

G-107S

i.2 x 10"5

1.7 x 10~6

2.7 x 10~2

1.6 x l(f3

6.7 x 10"4

7. A x 10~5

2.4 x Hf3

2.8 x 10"*

9.4 x 10~4

2.3 x 10"3

(6.1 x 10"6)

(8.6 x l(f7) 3.1 x ICf4

(1.4 x Hf2)

(8.1 x 10"A) .15

(3.4 x 10"4)

(3.8 x 10"5) 3.6 x 10"2

(1.2 x 10"3)

(1.4 x Hf4) .18

(4.8 x 10"4)

(1.2 x Hf3)

Henry

Henry

Yorkville

Tiskilva

Yorkville

Hvorslev

Nguyen and Finder

Hvorslev

Nguyen and Finder

Hvorslev

Nguyen and Finder

Hvorslev

Nguyen and Finder

Hvorslev

Fapadopoulos,

Bredehoeft, and

Cooper

C-107D

1.6 x 10"4

1.1 x 10"3

3.2 x Hf3

(8.1 x 10"5) .13

(5.6 x Hf4)

(1.6 x 10~3)

Nguyen and Finder

Tiskilva Hvoralev

Papadopoulos ,

Bredehoeft, and

Cooper

G-108

G-115D

G-116

G-117

G-118D

C-120S

C-120D

G-121

G-122

1.

2.

6.

6.

6.

1.

1.

8

7

4

5

4

7

2

3.1

4.1

9.

1.

,6

,7

7.1

1,.6

x

x

X

X

X

X

X

X

X

X

X

X

Hf4

l(f2

Hf1

Hf1

ICf1

ICf2

Hf2

Hf3

Hf4

Hf3

Hf1

(9.

<!•

(3-

<3-

<3
(8

(1

(2

(4

(8

(3

(8

,4

,4

,3

.3

.3

.6

.1

.6

.1

.9

.6

.6

.1

x

x

X

X

X

X

X

X

X

X

X

X

X

nf5) .16
l(f2)
nf1)
Hf1)

Hf1)

nf3)
ICf3)

Hf3)

nf4) .10
nf3)
nf4) .31
lo-1)
Hf1)

Nguyen and Finder

Henry

Tiskilva

Henry

Henry

Tiskilva and

Dolomite

Yorkville

Tiskilva

and Dolomite

Henry

Henry

Recovery

Recovery

Recovery

Recovery

Hvorslev

Recovery

Hvorslev

Nguyen and

Hvorslev

Nguyen and

Recovery

Recovery

Finder

Finder
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Vell No. K (ft/min) (cm/s) Unit Method

G-123

G-126

G-128D

G-130

G-131DD

G-132D

' G-132DD

G-133S

C-13A

3.

2.

8.

3.

3.

1.

2.

1.

5.

6.

1.

0

5

6

9

1

4

3

3

1

8

1

2.8

9.8

G-135

G-136

9.6

5.6

5.8

X

z

X

X

X

X

X

X

X

X

X

X

X

X

X

X

lO"2

ID'2

ID"1

ID'1

icf2

ID'5

ID'5

l<f6

l(f7

1C'1

Hf3

ID'3

ID'5

l(f2

ID"5

ID'6

(1.

(!•
(4.

(2-

< l-
(7.

(1.
(6.

(*•

P-

(5.

(1.

(5.

<*•

5

3

4

0

6

1

2

6

6

5

6

4

0

9

(2.8

(2.9

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

ID'2)

icf2)
ICT1)

lo-1)
icf2)
ICT6)

4.2 x 10~3

10"5)

10~7) 5.1 x 10"3

ID'7)

10'1)

10-*)
io-3)

10~5) .12

ID'2)

lO'5)
10~6) .013

Henry

Henry

Dolomite

Henry

Dolomite

Dolomite

Dolomite

Henry

Dolomite

Hvorslev

Recovery

Recovery

Hvorslev

Recovery

Hvorslev

Nguyen and

Hvorslev

Nguyen and

Hvorslev

Recovery

Hvorslev

Finder

Finder

Papadopoulos,

Bredehoeft, and

Cooper

Dolomite

Dolomite

Nguyen and

Recovery

Hvorslev

Nguyen and

Finder

Finder

r

I

l
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Table 5. Pumping Test Results: Multiple Observation Wells

TEST

WELL NO.

G-101

G-102

G-103

G-106

G-107

G-108

G-114

G-116

G-117

G-118

G-120

G-121

G-122

G-123

G-126

G-127

G-128

G-130

G-131

G-132

G-133S

G-134

G-136

TRANSMISSIVITY

ft2/min

4.4 x 10"5

3.9 x 10~3

5.9 x 10~4

7.9 x 10~4

4.4 x 10~4

1.3 x 10"1

31.0

10.2

2.0

3.6 x 10"2

9.3 x 10~5

4.9

11.1

13.9

6.0

7.3

20.0

.31

5.4

a /day

5.9 x 10~3

5.2 x 10"1

7.9 x 10"2

1.1 x 10"1

5.9 x 10"2

17.4

4.1 x 103

1.4 x 103

2.7 x 102

4.8

1.2 x 10~2

6.6 x 102

1.5 x 103

1.8 x 103

8.0 x 102

9.8 x 102

2.7 x ̂

41.5

7.2 x 102

STORATIVITY

3.1 x 10"4

.15

3.6 x 10"2

.13

1.14 x 10~4

2.5 x 10~5

.1

6.3 x 10~4

4.4 x 10~5

4.2 x 10~3

5.1 x 10~3

1.2 x 10'1

1.3 x 10~2

AQUIFER UNIT

Henry

Henry

Yorkville/Tiskilwa

lorkville/Tiskilwa

Tiskilva

Henry

Henry

Henry

Henry

Tiskilva/Dolooite
-»- •

Henry

Henry

Henry

Henry

Henry

Henry

Henry

Henry
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Table 6. Summary of Hydraulic Conductivities Measured at Blackwell Site

(Ft/Min.)

Unit Ranee Measurement

HENRY 7 x 10~4 to 0.09 permeameter (A sets)

2 x 10~6 to 1.6 pump tests (12)

YORKVILLE too low for measurement

MALDEN 0.03 to 0.07 (sandy unit) permeameter (1 set)

TISKILWA 3 x 10~6 to 9 x 10~5 permeameter (3 sets)

3 x 10~4 to 0.64 pump tests (6)

x 10~7 to 0.39 pump tests (7)

immeasurably high pump test (well G133)

L_
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the Silurian dolomite aquifer, the Henry outwash aquifer, the Maiden and

"Yorkville aquitard, and the Tiskilwa leaky aquitard. The groundwater system is

f controlled by the three-dimensional geometry of the aquifer units and by the

1 presence of surface water bodies which almost encircle the site. The broad

j relationships are shown in the block diagram, Figure 7.
1

Though outwash deposits originally mantled most of the study area, they

i have been removed from the high-standing area east of the landfill where they

, now extend at most only a few feet below the water table. The major outwash

4 aquifer at the Blackwell site is located in the south and west areas, where it

' ~ forms an unconfined (water-table) aquifer with a saturated thickness varying

several feet according to the water-table variation. The aquifer is less than
i

10 ft thick beneath the edge of the landfill, thickening to greater than 30 ft

. near Springbrook. A map of surficial deposits prepared for the Northern

> Illinois Planning Commission indicates that the outwash does extend to the West

f Branch of the DuPage River in the south.

The top and bottom of the outwash deposits are easily mapped across the
t

site, but there is little vertical or lateral continuity within the unit itself,

- which consists of numerous beds and lenses which are commonly less than three

1 feet thick and which cannot be traced laterally. Near the landfill, thin beds

1 marked by thin silt layers (1-4") are common; where the outwash as a whole is
i

thicker, so too are the individual layers. Several inches to two feet of soil

i cover the outwash in the south and west of the preserve, except for areas which

have altered by fill or landscaping.

The three cill units are lower permeability aquitards. The Maiden and

Yorkville tills form a wedge, thickest in the east near Silver Lake and under

the eastern part of the landfill and thinning and disappearing in the west and

south. The vertical and horizontal permeabilities of these units are very low;

-1



-38-

846'

W. BRANCH
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Figure 7. Black Diagram of Aquifer Relationships, Blackwell Site L
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they exclude the outwash aquifer from the east and form a barrier to groundwater

flow between Silver Lake and the outwash. However, at least two intercalated
1

layers provide zones of higher horizontal permeability. One is a sand layer 1

; to 4 inches thick at an approximate elevation of 670 ft, marking the boundary

j between the Maiden and Yorkville units. Another thin silty sandy layer bisects

the Yorkville at an elevation of about 680 ft. Most of the monitoring veils in

! the north, east, and southeast side of the landfill are completed into one or

both of these horizons, through which virtually all of the lateral flow in the

. till occurs. Tests show that the permeabilities of these sandy layers are of

,•"•• —4. the order of 10 cm/s.
x

' The Silurian dolomite completely underlies the site. Its surface slopes

! broadly from south to north, and exhibits subdued topography which may influence
k

bedrock permeability. The matrix (extra-fracture) permeability of the dolomite

{ is very low, but the network of joints and fractures which is especially

developed in the upper sections provides a high degree of secondary
i

permeability.

The bedrock is mantled everywhere (with the possible exception of very
i

localized patches in the southwest) by the Tiskilwa Till. The Tiskllwa is

[ ~ thickest in the north (12 ft at borings G120 and G136) and thinnest in the

southwest (less than 3 ft at borings G116, G131). A similar north-south
i
1 thinning is apparent in the east (G132, G134). It is much less permeable than

, either the bedrock or the outwash aquifer, and thus forms a confining layer,

although probably leaky especially in the southwest where it is thinnest.
.»
j The filackwell site is almost completely surrounded by surface water bodies,

which are in continuity with the groundwater system and serve as boundaries to

it.

The eastern perimeter is dominated by Silver Lake, which has a maximum

depth of about 30 ft. The lake's level is relatively constant, ranging annually
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between about 706 and 708 ft (Figure 8). During the study, heavy rainfall

events (in excess of 2") produced less than a Jj-inch response in lake level;

however, there is clearly a seasonal variation with a maximum level during the

spring recharge period. In the south of the site, the swimming and supply lakes

(which have approximately the same water level) have a greater range, standing

at nearly 694 ft in spring and dropping to about 689 ft (the elevation of the

West Branch of the DuPage River) in late summer and fall (Figure 8).

The elevation of the West Branch DuPage River is held relatively constant,

at 689 to 690 ft, by a dam half-a-mile downstream in Warrenville. The elevation

is almost constant along the south side of the Blackwell site. Spring Brook

borders the site in the north and west, descending at a relatively constant

gradient from 701 ft at the access road north of the site to 690 ft at its

confluence with the West Branch DuPage River in the south.

The water table in the glacial materials (Figure 9) shows two zones

separated by a fairly narrow zone of higher hydraulic gradient. In the east,

the groundwater levels are closely linked to the water level in Silver Lake. In

the west (i.e. in the sand-and-gravel aquifer) the water table is lower, sloping

down from a value of about 705 ft elevation in the north to 690 ft around the

swim and supply lakes and the DuPage River. The zone of steep hydraulic

gradient follows the western edge of the landfill and crosses between the two

small lakes and Silver Lake, roughly following the eastern edge of the sand-and-

gravel aquifer.

Based on these contours, the principal groundwater flow directions are

southwesterly from Silver Lake toward the lower lake and river system. However,

the Yorkville Till mound rises above the water table across the site and forms a

barrier, or groundwater dam, between Silver Lake and the outwash aquifer. Water

probably leaks from the lake beneath -the landfill through the sandy layers

discussed above, but the dominant regional flow along the zone of maximum
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Figure 9. Water Table in the Glacial Aquifer, October 1985
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permeability is southward within the outwash aquifer, essentially skirting the

:• landfill. An additional hydraulic link is probably formed by the trench cut

during gravel mining that extends from the northern point of the southwest leg

i of Silver Lake to Spring Brook. The trench was subsequently filled during

| landfilling but remains a higher permeability pathway.
t

In its natural state, Spring Brook was probably an effluent or gaining
I
t stream, accepting water from the glacial aquifer. However, urbanization has

resulted in an anomalously high flow in the stream; for example, Wheaton

'. Sanitary facility, two miles upstream, discharges its treated water into Spring

j Brook and artificially maintains its higher flow. Thus, the upper part of the

stream on site now acts as an influent or losing stream that provides water to

the aquifer and creates a local groundwater divide. The lower part remains in a

gaining state. As the water table fluctuates throughout the year, the crossover

i point at which conditions change from influent to effluent migrate back and

•; forth (compare Figure 9, the water table in October 1985, with Figure 10, the
t

water table in April 1985; in the former case almost the whole of Spring Brook
i

' ~ loses water, while in the latter the stream is gaining for about half its length
i

around the site.) These stream-aquifer relationships permit the entry of poor

i quality stream water into the aquifer (see later section on groundwater

' chemistry).

Figures 11 (a) and (b) show the hydrographs of groundwater levels in
i
j several wells in 1984-85. The lower water table and somewhat larger range for

the southern glacial wells are evident, as is the head drop between shallow

I glacial and bedrock wells (the latter with "D" after the number).

1 The potentiometric surface in the dolomite aquifer (Figure 12) slopes from

east to west. It is possible that some leakage is reaching the bedrock from

Silver Lake to maintain the eastern high levels, but in view of the thick

sequence of poorly permeable tills in that area it seems unlikely that this
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Figures 11 Groundwater Levels in (a) Southwestern and (b) Eastern Wells, 1985-86
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leakage is significant on the site. More likely, the gradient reflects regional

conditions; according to a potentiometric surface map for the dolomite aquifer

given by Sasman et al., (1981) there is a regional high to the northeast and a

low related to the Warrenville cone of depression to the south. However, the

noticeable slackening of gradient in the western part of the site probably

reflects site controls. First, Che bedrock permeability in that area, is high

(which would permit a gentler head gradient), and second, there is probably some

leakage from the outwash aquifer through the thin Tiskilwa Till.

At the Blackwell site, and indeed throughout most of northern Illinois, the

heads in the dolomite bedrock aquifer are lower than those in the glacial

aquifer. Groundwater therefore leaks downward according to the degree of

hydraulic connection of the aquifers. Vertical head drops between the glacial

and dolomite aquifers across the site are shown by water levels in sets of

adjacent wells screened into the different aquifer units (Figure 13). The head

drops across the Yorkville Till confining unit in the eastern half of the site

are greater than those in the western part where the water table is lower and

the hydraulic connections between the outwash and the dolomite are better. This

area has the greatest potential of the site for contamination of the bedrock

aquifer from landfill-derived contaminants in the glacial aquifer.
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!

'<• IV. QUANTIFICATION OF LEACHATE SOURCE AND DELINEATION OF THE PLUME

F

t

The quantities and concentrations of landfill-derived contaminants in the
t

t groundwater system depend on:

— the volume and rate of leachate production within the landfill
i
f — the rate of leakage of the leachate from the landfill into the aquifer

— the concentrations of contaminants within the leachate
i

— the volumes of groundwater with which the leachate is mixed and diluted
\
. in the aquifer

'••? — other attenuation and transport processes for the contaminants.

Leachate Production and Leakage.
i

The production of leachate within the landfill is extremely hard to

i quantify. It depends first on the moisture originally landfilled with the solid

waste, and second on the infiltration of water into the landfill. The original

i moisture content is unknown; values of original moisture content of solid

f domestic waste are reported to range between 15 and 50%. However, the original

moisture content is not critical to the ultimate leachate production, but rather

• affects the time after burial for the waste to reach a field capacity for

downward percolation of leachate under gravity (Ham, 1986).

I Ultimately, the production of leachate depends on the infiltration of water

1 into the landfill (Walsh and Kinman, 1977). Hughes et al. (1971, 1976)

estimated infiltration from hydrographs of water levels in piezometers installed

| in landfills in northeastern Illinois, calculating the amounts by multiplying

the cumulative annual rises in water levels by the specific yield of the waste

i (estimated at a constant value of about 0.25). Data from the Woodstock, Elgin,

« old DuPage County, and Winnetka landfills indicated that about half the annual
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precipitation infiltrated into the landfills. They also noted that leachate

production was related to freeze-thaw conditions, soil moisture levels, and the j
i
i

duration and intensity of individual rain storms.

Commonly, leachate production is calculated from the landfill water balance

(Fenn et al., 1975; Cheremisinoff and Gigliello, 1983; Ham, 1986). A simple ^
i

formulation is that leachate produced equals the precipitation minus the sum of I.

evapotranspiration and surface runoff. Runoff is calculated from tabulated r

runoff coefficients for different slopes; evapotranspiration is generally
r

calculated by equations based on temperature and solar radiation. In addition I

to the uncertainties inherent in these generalized calculations, special
V

problems such as infiltration through cracks are not considered (Ham, 1986) and

the leachate production values are very uncertain. •

Estimates of potential leachate generation at the Blackwell site were made

by calculating infiltration from the water-balance equation: <

t

Infiltration (I) - Precipitation (P) - Evapotranspiration (ET) - Runoff (RO) [..

Daily precipitation and temperature records for 1980 through 1985 were

available from the Blackwell Nursery, located one mile northwest of the I

landfill. The annual average precipitation in the area is 34.2 inches (137 mm),

602 of which falls between April and September mainly during thunderstorms.

The evapotranspiration (as an adjusted potential rate) was calculated using .

the Thornthwaite Method (Gray, 1970). Runoff was calculated using runoff co- *-

efficients given in Chow (1964). The landfill was subjectively divided into 5 «

areas according to regions of slope steepness, and the average slope of each

area estimated, using a detailed (2-ft contour interval) topographic map of the (

landfill. The runoff for each area is calculated as the precipitation times the
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runoff coefficient, and infiltration, calculated as above, was converted into

J volumes as average cubic feet per day for each month.
i

The results of these calculations are shown in Table 7. The potential

• generation of leachate from April through September is zero (because

infiltration is zero), and ranges from about 2050 day to 18,108 cubic feet per

31 day (58 to 513 m /day) for the rest of the year. The figures are specific for

' 1985 and would differ according to temperature and rainfall in other years. For

example, in many years a later snowmelt and wetter April might extend the season

x of infiltration; also the very high infiltration in November is due to very

heavy rainfall.

In addition to the inherent uncertainties of generalized evapotranspiration

methods like the Thornthwaite, errors arise in the calculation of runoff. The

slopes of the landfill generally exceeded the tabulated values and runoff was

1
,' probably much greater than that estimated from the maximum runoff coefficient

•" values used. Therefore, infiltration is overestimated. It is also probably

* overestimated for periods of intense rainfall when the infiltration capacity of

<':.k the soil is greatly exceeded. Thus, the very high value of 18,108 for November

- is highly suspect. Some infiltration moves a° ^terflow throu<»^ the shallow

soil and emerges as seepage downhill; in this landfill, some infiltration will

also be intercepted by the more permeable layers incorporated into the cover,

i and will emerge without passing through the refuse. The values of infiltration

' presented in Table 7 are really maximum possible values of leachate generation

i
from infiltration.

! Total annual infiltration (leachate generation) of 1,209,444 ft , is

indicated (average 3133 ft /day). If a more reasonable estimate -say 9000

ft /day - for the November infiltration is chosen, an annual average
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Table 7. Calculations of Infiltration by Water Balance.

Precip. Av. Temp. PET INFILTRATION (CUBIC FT./DAY)

in. *F in. Area 1 Area 2 Area 3 Area 4 Area 5

Area (ft*)

Slope Z

RO Coefft.

Total

364.382 313,962 234,816 34,960 265,596

36 8 18 28 7

0.35 0.30 0.35 0.35 0.30

Jan

Feb

Mar

April

May

June

July

Aug

Sept

Oct

Nov

Dec

0.94

2.86

5.18

1.58

1.55

2.14

6.25

1.88

2.32

3.91

8.58

0.58

17.2

23.4

39.2

55.6

63.8

66.8

75.7 .

71.0

67.0

55.6

39.8

20.0

0

0

0.46

2.40

3.89

4.61

6.10

4.87

3.74

1.97

0.40

0

.580

.2017

2860

—

—

—

—

—

—
529

5243

327

557

1869

2633

—

—

—

—

—

—
625

4866

346

385

1300

1843

—

—

—

—

—

—
341

3379

240

57

194

274

—

—

—

—

—

—
51

503

36

471 2050

1581 6960

2228 9839

528 2073

4117 18108

293 1242
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!
i

infiltration of about 2565 ft /day is indicated. If the leachate mound were in

I equilibrium, this value would also equal leachate leakage from the landfill.

Leachate generation and leakage was also estimated from analysis of the
i
. leachate levels, which are monitored in 24 vents in the landfill (Figure 14).

r The levels recorded between 1982 and 1985 fluctuate around fairly constant
f

' levels, suggesting that the initial rising phase is complete and that variations

! now depend on the balance between infiltration and leakage.

The leachate levels form a mound (Figure 14) with a general elevation of
I
i over 720 ft and peaks reaching over 750 ft. The water table across the site has
i

| a maximum natural elevation of about 709 ft at Silver Lake, falling to about 700
i
• ft along the western side of the landfill and 690 ft at the south end of the

' site. Clearly, the leachate mound is well above normal water-table levels. The
t

extent of hydraulic continuity between the leachate mound and the water table is

unknown, since (for obvious reasons) no well penetrates both leachate in the>

( waste and groundwater in the aquifer. The refuse is laid in cells which are not

' necessarily hydraulically connected and which have different basal

'. characteristics. It is possible that some parts of the leachate mound are
I

— perched, while others are continuous with the water table.

I To use the leachate-level data in a representative way, the landfill was

divided into Theissen-type polygonal areas drawn around the vents, and the area
i
< around each vent measured. Detailed leachate-level data are available for the

• dates 7/15, 8/31, 10/20 and 11/17 in 1985; partial data are also available for

6/7 (Table 8). The earlier calculations indicate that for the period 6/7-7/15

: and 7/15-8/31, there should be no infiltration and hence no leachate generation.

However, in the second of these periods the leachate levels are generally

rising. Possible explanations are a lag time from earlier infiltration and
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Figure 14. Contour Map of Leachate Levels (Interval 10 ft) in Blackwell
Landfill
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Table 8. Leachate Levels at Vents in Landfill at Blaclcwell

Leachate Elevation (ft a.m.s.l.)

J

SV-1
SV-2
SV-3
SV-4
SV-5
SV-6
SV-7
SV-8
SV-9
SV-10
SV-11
SV-12
DV-2
DV-3
DV-4
DV-5
DV-6
DV-7
DV-8
DV-9
DV-10
DV-11
DV-12
DV-13
DV-14

7 June 85

735.71
719.03
723.59
714.63
709.23
724.88
728.04
708.90
709.00
692.38

749.83
737.36
702.54
697.75
724.04

710.24
709.20
721.06
739.34
700.15
709.38

15 Jul 85

735.26
718.95
722.63
714.97
708.69
724.84
727.84
708.86
708.96
691.47
726.67
759.82
748.54
737.07
701.04

723.83
714.41
709.42
708.63
720.91
742.94
698.21
709.93

31 Aug 85

735.84
719.01
722.55
715.03
708.17
724.78
727.84
708.95
709.04
690.80
726.55
760.20
750.71
736.99
699.73
697.40
724.17
714.22
708.84
708.29
720.96
744.30
697.70
710.20

20 Oct 85

734.51
718.95
721.76
718.05
707.94
724.67
727.25
708.88
709.00
691.17
726.50
760.17
750.04
736.11
699.17
698.29
723.83
714.01
708.62
707.99
720.99
744.66
697.21
710.38

17 Nov 85

735.11
718.95
723.84
715.67
708.28
724.30
728.09
708.95
709.00
692.13
725.69
760.77
749.50
736.82
701.08
697.12
724.08
714.06
708.72
708.55
721.09
744.50
697.71
710.53

J
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}
infiltration through cracks in the landfill during the heavy rainstorms in late !

August. i ,

In the following period, 8/31-10/20, the leachate levels are generally '

falling. Although 3.94 inches of rain fell in the first 20 days of October, j

half of that rainfall fell in the last four days of the inventory period.

Furthermore, most of the infiltration indicated for October (Table 7) would i

occur toward the end of tfe month. Therefore, the leachate levels probably ;'

responded little to infiltration during this period, and their declines can be

assumed to represent loss of leachate from the landfill. 1

The change in leachate levels during this later period can be converted to

a change in leachate volume according to the relationship y

I

'
V = L x A x n l

i
where

r~

v •= change in leachate volume (i.e.

volume of leachate lost from area)

\

L = change in leachate level in area

A » area

n * effective porosity of compacted refuse (
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; The value of effective porosity (specific yield) for the compacted refuse is

i unknown. A value of 0.2 was assumed; the volume of leachate lost or gained

according to the head changes is proportional to the effective porosity value.

' As Table 9 shows, during the inventory period 8/31 through 10/20

' 3 3approximately 1539 ft /day (43.6 m /day) of leachate were lost from areas of the

J landfill in which levels were falling (949,100 of the 1,299,500 ft2 total

- 3 3 2I landfill area): a leakage rate of 1.62 x 10 ft /day/ft if all was lost

through the base. However, there may have been some redistribution within the

i 2
' landfill, perhaps to the gaining areas where an increase of about 922 ft /day is

indicated; if this quantity is included, a net loss of about 617 ft /day would
1
I have occurred. In comparison, the leachate loss from areas of falling levels

V during the period 6/7 through 7/15 (zero infiltration period) was about 3323

' 3 3 2ft /day, or 3.47 ft /day/ft of the areas of falling leachate levels.

j In the period 10/20 through 11/17, when considerable infiltration occurred,

the dominant leachate level changes are positive, indicating production of
t
j leachate in excess of loss. The increase (for all vent areas) is 2473 ft /day

-j- for the period, representing a net excess of leachate production; if leakage at

' the previous rate of between 617 and 1539 ft /day had continued, a total

j leachate production of 3090-4012 ft /day is indicated. These values are much

less than the (probably erroneous) 18,108 ft /day infiltration for November

.j calculated earlier, but are otherwise consistent with the range of infiltration

values.i

1



- 58 -

Table 9. Changes in Leachate Levels and Estimated Changes in Leachate Volumes

Vent
1

SV1
SV2
SV3
SV4
SV5
SV6
SV7
SV8
SV9
SV10
SV11
SV12
DV2
DV3
DV4
DV5
DV6
DV7
DV8
DV9
DV10
DV11
DV12
DV13

Area
ft2

61,600
54,100
34,300
44,000
31,200
53,000
55,500
39,900
38,100
79,100
27,300
102.800
68,200
58,000
74,900
33,500
74,300
38.100
46,800
45,800
57,700
68,200
45,200
67.900

Period 6/7-7/15/85
Level Change Leachate

ft ft^/day

8/31 - 10/20
Level Change Leachate

ft ftj/day

10/20-11/17
Level Change Leachate

ftJ/dayft

-0.45
-0.08
-0.96
+0.34
-0.54
-0.04
-0.02
-0.04
-0.04
-0.91
N/A
N/A
-1.29
-0.29
-1.5
N/A
-0.21
N/A
-0.82
-0.59
-0.15
+3.6
-1.94
+0.55

-146
-23
-173
+130
-87
-11
-6
-8
-8

-379
N/A
N/A
-463
-89
-591
N/A
-82
N/A
-202
-137
-456
+2135
-462
+324

-1.33
-0.06
-0.79
+3.02
-0.23
-0.11
-0.59
-0.07
-0.04
+0.37
-0.05
-0.04
-0.67
-0.88
-0.56
+0.89
-0.34
-0.21
-0.22
-0.30
+0.03
+0.36
-0.46
+ 0.18

-328
-13
-108
+532
-29
-23
-131
-11
-6
+117
-5
-12
-183
-204
-168
+119
-101
-32
-41
-55
+7
+98
-89
49

+0.60
0.0
+2.08
-2.38
+0.34
-0.37
+0.84
+0.07
0.0
+0.96
-0.81
+0.60
-0.54
+0.71
+1.91
-1.17
+0.25
+0.05
+0.10
+0.56
+0.10
-0.16
+0.50
+0.15

r
+264
0

+510
-748
+76
-140
+333
+ 20
0

+542
-158
+441
-263
+294
1022
-280
+133
+14
+33
+183
+41
-78
+161
+73

L
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i
Many uncertainties are involved in the above methods, and different

! approaches to and interpretations of the leachate-level analysis could certainly
i

be made. Nevertheless, the estimates of leachate production and loss agree
'i

within better than order-of-magnitude precision. The leachate production and

leakage rates (equal assuming equilibrium) from the infiltration calculations

!
3

are about 2500 - 3000 ft /day, annual average; the leachate loss rates estimated

f from analysis of the levels for two periods range from 617 to 3323 ft /day.
t

Approximately equal quantities appear to be lost from the north, south, and west
!

sides of the landfill.

Attenuation and Dilution of Contaminants.

~' The chemical composition of the refuse and, therefore, of the leachate is

quite variable. Total dissolved solids in the leachate in the Blackwell

i landfill exceed 5000 ppm in some vents; high values of total volatile organics

range between 500 and 5000 ppb. These very high, hazardous concentrations of
:

\ contaminants will be much diminished by natural attenuation and dilution
.-. •"''•<

'"'''- processes as the leachate leaks to the groundwater system and mixes with fresh

water,

i Attenuation by ion exchange, adsorption, and other processes will occur as

the leachate leaks through the clay liner at the base of the landfill, and again

i within the underlying glacial materials. These attenuation processes are

; complex; a full discussion is beyond the scope of this study but a brief summary
I

is given below. The efficiency of such processes is strongly related to the

presence of clay materials; thus, the thickness and clay content of the liner

- and the presence of clays in the glacial materials are critical to attenuation

of the leachate contaminants.
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To the east, where the landfill is underlain by thick clay-till sequences,

groundwater movement is slow and ion exchange and adsorption processes are

effective. Leachate entering the glacial material from the northern and eastern

sections of the landfill experiences little dilution but undergoes considerable

attenuation by other processes, and moves very little. However, a significant

discharge of groundwater occurs from Silver Lake beneath the landfill through

the sandy layers within the till sequence, eventually joining with the main

groundwater flow on the outwash aquifer and adding to the dilution of leachate

leaking from the western and southern sections.

As the water-table maps indicate, the leachate leaking from the south and

southwest sides of the landfill (according to the earlier estimates) will move

south toward the Swim and Supply Lake, mixing with groundwater flowing in the

glacial aquifer under the western part of the landfill, in the glacial materials

between Silver Lake and the Swim Supply Lakes, and in the sandy layers within

the Yorkville sequence under the landfill. If we estimate a leachate leakage of
3

about 500 ft /day (3750 gpd) from this area, and from flow-net analysis of the

water table maps roughly estimate that about 190,000 gallons of water from the

north and a further 200,000 gallons from Silver Lake in the east is flowing

through the aquifer per day, we see that the leachate contaminants are diluted

by a factor of about 1 in 100.

Not all the landfill leakage is carried toward the Swim and Supply Lakes.

From the western and northwestern sides of the landfill, some (perhaps a further
3

500 ft /day) mixes with groundwater flowing through the outwash aquifer from the

north and with a quantity of water recharging from Spring Brook, which forms a

local divide blocking any further westward movement of groundwater in this

section of the aquifer.
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An approximate calculation for seepage (average linear) velocity can be

| made from application of Darcy's Law:
i

V = - K x l / n
I

where I = hydraulic gradient (L/L)

K - hydraulic conductivity (L/T)

: n * porosity

| and V « seepage velocity (L/T)
<

The hydraulic conductivity of the outwash aquifer is quite variable.

' "• Considering all the data listed in Tables 3 and 4 above, the median hydraulic

_2
conductivity is about 2.6 x 10 ft/min and the mean conductivity is about 2.6 x

i

; 10 ft/min. Choosing as an example the flow path through wells G-113 and

5 G-116, the hydraulic gradient from the water-table maps (Figures 11 and 12)

is about 4/720 in October and 2.5/720 in April, an average of about 4.5 x 10~ ...
T
[ Using a porosity of about 0.23, the seepage velocity is between about 257

•s ft/year (based on the median K value) and 2570 ft/year (mean K value). This

1 figure represents the predicted advectlve transport velocity for non-retarded

~\ (conservative) contaminants once they have left the landfill and merged with the

groundwater flow. Clearly, even with a conservative estimate the contaminants
i
• should have travelled several hundred feet from the landfill in the several
I

years that have elapsed since leakage began.

] The physical dilution of leachate by groundwater (through mixing and

? dispersion) is undoubtedly the most important mechanism by which the contaminant

concentrations are reduced in the aquifer. However, these processes are largely

! ineffective in the poorly permeable tills. In the tills, and also as the

leachate percolates through the landfill's clay liner, the most effective
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l " 1
attenuation will be through sorption processes — the physical and chemical ]

bonding of pollutants to the solid particles. Overviews of these and other , i

attenuation processes are given by Freeze and Cherry (1979) and Wood et al.

(1984). The processes depend on the nature of the porous medium (clay being an 1

effective adsorber), the contaminant species and concentrations, and the ambient __

chemical conditions. For example, Griffin et al. (1976) passed leachates from '_

the old DuPage landfill through laboratory columns of clay and sand, and found ;
(

that chloride, sodium, and water-soluble organics were relatively unattenuated

by clay whereas heavy metals (Fb, Cd, Zn, and Hg) were strongly attenuated and ! 1
- I

tended to precipitate out. Calcium increased into the effluent, a finding
^1

consistent with the presence of "hardness halos" around landfills. ' ]

Attenuation of specific pollutants can also result from hydrolysis, ,--

oxidation reactions, precipitation due to changing pH conditions, and various

other chemical processes. Organic pollutants absorb readily onto organic ,
V

material in the porous medium (Griffin and Chian, 1979); even minor variations
i~

in the organic content of the aquifer materials (or landfill liner) can cause /

major directional and spatial variations in the organic component of the .
i

contaminant plume. Organic chemicals also undergo chemical and biological

degradation, and volatilization (the loss of volatile components incu a vapor ~~"j
^

phase and thence to the atmosphere, where they do not represent a hazard and

generally break down quickly). • A useful review of transport and attenuation of [

organic contaminants is given by Mackay et al. (1985). The result of the

various attenuation processes is threefold: First, a general reduction in '

contaminant concentrations away from the contaminant source (landfill); second, i

a retardation of transport of contaminants, such that the "travel times" of most

contaminants are significantly less than the seepage velocities; and third, a

differentiation of contaminant species within the contaminant plume, because the
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' attenuation and retardation processes affect different contaminants to different

i degrees.
i

; Contaminant Plume in the Glacial Aquifer.

Records suggest that by 1978 inorganic contaminants were already present in
*
i the closest wells in the glacial aquifer, in approximate steady-state. The TDS

-] and chloride values show little systematic variation between 1980 and 1986. The
i

TDS values in the southern wells (Figure 15(b)) show a rapid drop in 1980, but

i v then fluctuate between fairly low values (less than 1000 ppm); the northern

wells (Figure 15(a)) exhibit both rising (wells 103S, 104) and falling (100,

' 124) trends.

' The TDS values from all glacial monitoring wells form an approximately
>

concentric pattern (Figure 16) around the landfill. The values reach over 5000
r

~i ppm within the landfill vents themselves, but decline almost to background

levels (500 ppm) just beyond the closest-well zone. Concentrations increase

I again in the southwest near Spring Brook, where flow is from the stream into the

':,;:', aquifer. Spring Brook, obtaining some of its water as sewage treatment waste

~~ upstream of the Blackwell site, has TDS values in the range 1000 - 1500 ppm,
•
i with a dominant sodium-chloride assemblage. The distribution of chloride

(Figure 17), which is assumed to be a conservative and little-retarded species,
*
i resembles that of TDS and also reflects the influence of Spring Brook.

1 Contrary to expectation, the contaminant plume is not heavily skewed in the

downgradient direction. This is perhaps most easily explained as an effect of

! dilution. The downgradient direction is within the glacial aquifer where

attenuation by dilution is very effective and the concentration plume diminishes

rapidly. Upgradient, the contaminant plume sits in poorly permeable till; it is

i not as effectively diluted, but neither does it travel very much.
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Figure 15. Total Dissolved Solids Concentrations in 1980 - 1986
in (a) North and West Wells and (b) South-Side Wells
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J
; By the early 1980's, technology had been developed for the relatively

I inexpensive analysis of volatile organic compounds (VOC's) at concentrations as
i

low as parts per billion (ppb). Sampling and analysis for VOC's was started at
|
j Blackwell by the FPD in Fall, 1983, and continues on a quarterly basis. Samples

, are analyzed for 31 priority and 2 nonpriority organic pollutants. Table 10
i
1 summarizes the analyses for several wells along the southern side of the

i landfill (110 through 118S close in, 117 through 122 farther off).

The individual pollutants show large spatial and temporal variations with

\ no identifiable pattern. In fact, certain VOC's (1,2-dichlorethane and

cis-l,2-dichloroethylene, for example) are breakdown products of other organics

and may have formed during transport within the aquifer. The light volatiles

r (with specific gravities less than 1) are oil- and gasoline-derivatives and are
i

suspected to be derived at least in part from contamination during drilling.
;l
| A more meaningful parameter is obtained by summing all volatiles for each

, well into a single figure, total volatiles (TV). Total volatile concentrations

* form a roughly concentric pattern around the landfill (Figure 18) . The

concentrations in the leachate vents can reach over 1000 ppb; however, in the

~~ glacial materials they drop off rapidly. Attenuation and retardation processes
i

1 for the organics appear to be quite effective. An anomalous feature in the TV

contaminant plume is the zone of very low concentrations around wells G-114 and

' G-115; this zone is probably related to the buried ditch mentioned earlier, in

f which greater contaminant dilution is occurring. Although the total volatile
i

concentrations vary considerably in time (Figure 19) , the prevalent trend seems
i
-; to be a general decrease.

In summary, there is clear evidence of both inorganic and organic

. ' contamination of the glacial aquifer in the vicinity of the landfill, but

1 significant concentrations of contaminants are not migrating off site and
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Table 10. Selected Analyses of Volatile Organics in Glacial Veils,
Dec. 1983-Dec. 1985

Average and (Maximum) concentrations (ppb) In wells:

110 111 112 113 118S 117 123 128S 127 122

light

benzene

CE

VC

heavy

1.2 DCE

1,1 DCE

1,2 TDCE

TCE

Tri

Cis

1.7
(7.6)

21.1
(121)

5. A
(11.0)

22.7
(49.6)

14.9
(41.6)

3.9
(18.7)

65.7
(168)

266.7
(583)

0.1
(1.0)

1.2
(5.7)

6.6
(10.9)

2.4
(11.5)

1.7
(6.9)

A6.7
(198)

75.3
(191)

3.6
(17.2)

15.3
(76.6)

5.7
(22.5)

54.8
(189)

9.2
(22.6)

0.4
(2.3)

19.2
(41.4)

64.6
(165)

1.8
(9.0)

2.2
(17.7)

6.0
(47.7)

4.0
(12.2)

27.5
(61.8)

12.2
(28.3)

—
0.9
(4.1)

10.3
(23.8)

0.5
(3.8)

2.5
(17.8)

—

79.5
(137)

18.5
(55.8)

9.0
(29.1)

62.4
(132)

1A5.A
(241)

0.1
(1.3)

4.7
(10.3)

0.7
(7.2)

0.1
(1.0)

0.2
(2.0)

13. A
(24.8)

;
—
0.2
(1.4)

0.4
(3.3)

0.1
(1.0)

0.4
(1.8)

—

;
17.0
(26.3)

26.9
(38.0)

11.1
(24.3)

0.7
(3.0)

6.9
(19.5)

A6.9
(80.7)

16.2
(70.6)

0.6
(3.2)

12. A
(18.2)

8.2
(13.6)

0.7
(3.3)

28.8
(A6.5)

115.7
(2A8)

•™

0.6
(6.2)

A.O
(19.6)

0.8
(7.2)

0.1
(1.2)

3. A
(8.3)

12.5
(3A.3)

r

CE - chloroethane; VC - vinyl chloride;
DCE - dichloroethane; TDCE - trans-dichloroethylene;
TCE - tetrachloroethylene; Tri - trichloroethylene;
Cis - cis-l,2-dichloroethylene.

I
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i
i probably will not do so. Monitoring wells close to the landfill do show

{ elevated levels of several organic compounds, but those values have shown no

significant increase since sensitive analyses were started in 1983, and in fact

i may now be declining. Monitoring wells at approximately 100 yards distance from

the landfill show lower concentrations, while wells into glacial materials at

I the western perimeter (G-116 and G-133) have no evidence of contamination from

j the landfill.

The "natural system" of which the landfill is a part appears to have
«
• reached a state of equilibrium since its closure 13 years ago. The contaminants

in the leachate leaking from the landfill are dispersed, diluted, or otherwise**
1 attenuated to background levels before reaching the Swim Lake or the FPD

' property line. Water table maps of the glacial aquifer indicate that there is a
i

flow of groundwater from the landfill toward the Swim Lake, so there is a
.1
! possibility that the water and bottom sediments will be contaminated by the

landfill leakage. Furthermore, monitoring wells between the landfill and beach

i consistently exhibit some of the highest contaminant levels on the site.

.< However, in regular quarterly and numerous spot-check analyses, water samples
t

from the Swim Lake have consistently been clean, showing no pollution effects

j from the landfill. It is apparent that the combined attenuation and dilution

processes reduce contaminant levels in the groundwater to near background levels

I during flow from the landfill to the beach.

I Nevertheless, the potential for contamination of the Swim Lake remains; it

is because of this potential that the Forest Preserve District closed the Swim

| Lake for the 1984 season and kept it closed during 1985 and 1986. Closing the

Swim Lake has had the further affect of generating a mistaken public opinion

i that it is in fact contaminated.
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Contamination of the Bedrock Aquifer.

Although the original project title refers only to unconsolidated deposits, I

we feel tha" the hydrologic data show a close linkage between the glacial and
r—

bedrock aquifers in the southwestern area where the Yorkville and Maiden Tills |

are absent: therefore, possible contamination of the bedrock deserves

consideration. The dolomite aquifer is an important source of water for -

municipal and domestic wells in the Blackwell area and any potential for J

contamination is of major concern.
t"

Contamination of the bedrock aquifer from the landfill would be suggested j

by the presence of abnormally high TDS, volatile organic, or other contaminants
T'

downgradient form the landfill. As noted earlier, the potentiometric gradient

in the dolomite is dominantly east to west, with perhaps a slight northerly j

component in the northwestern part of the site.

Records of TDS concentrations in dolomite wells were collected from ';
i

surrounding municipalities; these are summarized (Table 11) along with records

for two dolomite wells at the Cenacle (a religious retreat just southwest of the i

site) and for bedrock wells on site. TDS concentrations in the dolomite aquifer

in the Blackwell region range from 300 to 800 ppm; higher concentrations are

found in Spring Brook and the DuPage River. In the dolomite aquifer,

concentrations are highest in several municipal wells, in the Cenacle deep well,

and in the FFD residence well located approximately 0.25 miles north of the

site. The lower concentrations in the on-site dolomite wells do not suggest the ,

presence of landfill-derived contamination.

The distribution of VOC's down-gradient from the landfill in the dolomite 1

aquifer (Figure 20) does have the appearance of a contaminant plume. Data are
i

too sparse to allow contour plotting but in general the TV concentrations are ^

highest in wells near the landfill and lower concentrations are found at greater
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TABLE 11. Total Dissolved Solids (concentrations in ppm)
in Rivers and Dolomite Wells in the Blackwell Area

IDS
(ppm)
1500 • - Springbrook at Cenacle

Springbrook at Weir

1000 - -

900 - -
DuPage River at Rte 56

800 - -

700 - -

600 - -

Winfield 12
FPD residence

Cenacle Deep Well

DuPage River at Mack Road
DuPage River at Williams Road

Winfield 14

Warrenville 12
Warrenville *1B

G-133 (FPD)
G-115 (FPD)
Swim Beach Well (FPD)

Warrenville #4
G-128 (FPD) G-107 (FPD)

500 - - Winfield #7

400 - -

300 - -

Warrenville f4b
Warrenville #5
Warrenville #8
G-103 (FPD)
G-135 (FPD)
G-120 (FPD)
G-136 (FPD)

Denny's Den Well
Warrenville 03
G-118 (FPD)
G-134 (FPD)

Picnic Well (FPD)
Warrenville #6

Cenacle Shallow Well

Silver & Supply Lake
Amphitheatre Well (FPD)
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distances down-gradient from the landfill. The TV parameter consists primarily

' of two organic compounds; 1,1-dichloroethane and cis-1.2-dichloroethylene.
i

Table 12 shows the concentrations of these compounds and of TV's for each
i
j dolomite well between the landfill and the Cenacle for each sampling round in

1985. Figure 21 illustrates the variation in TV's in several bedrock wells; no

I
> particular trend is apparent.

I The distribution of VOC's in dolomite wells presents the strongest evidence
i
i

for the existence of a bedrock contaminant plume deriving from the landfill.
' ••'?•'
i ; __ However, the higher TDS values of water samples from the Cenacle deep well

suggest that there is a source (or sources) of high TDS closer than the landfill
!

i and that source could also be contributing the volatile organic compounds found

; in the deep aquifer near the West Branch of th DuPage River. Three possible
i

sources are the DuPage River (780 ppm TDS), Spring Brook (1390 ppm TDS), and the
,~

| Cenacle's own septic system. All of these possibilities presuppose a hydraulic

connection between the dolomite and glacial aquifer, at least in the southwest

l of the site; such a connection is also a requirement for contamination by the

1 - leachate plume.

Septic fields are also common in the houa-^g developments to the west of

| the Forest Preserve. Septic systems have little ability to degrade or remove

VOC's from the water being treated in them so it is possible that VOC's are
>
1 introduced into the groundwater from septic systems. Trace amounts of

1 . 1,1,1-Trichloethane, an ingredient common in septic de-greasing products, have

been found on separate occasions in each of the Cenacle dolomite wells.

' Finally, the compounds 1,1-dichloroethane and Cis-l,2-dichloroethylene

which are the major constituents in the apparent plume, are by-products in

* breakdown reactions of higher halogenated Volatiles. Therefore any

• poly-chlorinated organic compound could be the source of the detected
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Table 12. Volatile Organic Compounds (concentrations in ppb) in
Dolomite Wells in Blackwell Forest Preserve and Vicinity

Distance
from

Well Landfill

G-128 200 feet

Swim 300 feet
Beach
Well

G-131DD 600 feet

G-133DD 700 feet

Cenacle 1200 feet
Deep
Well

Cenacle 2000 feet
Shallow
Well

Sampling
Date

14 May 85
30 Sep 85
19 Dec 85

14 May 85
30 Sep 85
19 Dec 85

14 May 85
30 Sep 85
19 Dec 85

14 May 85
30 Sep 85
19 Dec 85

14 May 85
30 Sep 85
19 Dec 85

14 May 85
30 Sep 85
19 Dec 85

Concentration in ppb

voc n * voc #2 ** TV'S ***

1.3
4.6
1.6

5.2
4.6

2.9
1.8
1.7

2.2
2.5
0.0

1.7
0.0
1.4

0.0
0.0
0.0

2.1
6.6
2.4

9.0
10.0

4.4
3.1
3.5

0.0
5.0
3.6

3.0
2.9
2.4

2.8
0.0
2.6

3.4
14.4
4.0

14.2
14.6

7.3
4.9
5.2

2.2
10.3
6.2

4.7
2.9
6.1

4.9
0.0
2.6

r

* VOC #1: 1,1-Dichloroethane

** VOC #2: Cis-l,2-Dichloroethylene, a non-priority pollutant
which is a common degradation component of priority
contaminants, often found in areas of VOC
contamination.

*** TV's: Total Volatiles, the summed concentration of all VOC's
found in a particular sample.
voc n.

It includes VOC #1 and
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ii
contaminants. Their presence does not definitively prove a common source. I

Because of these factors it cannot be conclusively shown that the Blackwell (
(

Landfill is the sole source or even a contributing source of the VOC's in the

dolomite aquifer near the DuPage River. I

r
i

!
r

-1
L
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5. CONCLUSIONS AND RECOMMENDATIONS
»
I The Blackwell Concept was an innovative land-use plan: to utilize derelict

land from solid waste disposal in a safe landfill, the cost to be defrayed from

i aggregate extracted from the site and the completed site to be landscaped as a

| recreational Forest Preserve.

Present leakage can be partly attributed to construction errors, including
(
| greater-than-reconmended landfill area and refuse:.fill ratio, neglect of secure

disposal procedures, and incomplete or incorrect construction of the clay liner

and cover. Several studies have indicated the presence of landfill-derived

' contaminants in groundwater on the site. Using wells drilled before and during
i

this study, and information collected in it or collated from the FPD records, we

! have investigated the hydrogeology of the site, delineated the contaminant

plume, and attempted to relate the two.

i The geological and hydrogeological investigations showed that the site has

] four major hydrogeological units: (1) the underlying dolomite bedrock aquifer,
i -%

with a generally high but heterogeneous fracture permeability; (2) three to
•
I twelve feet of silty Tiskilwa Till, of low to moderate permeability, forming -.n
4

almost complete leaky confining layer on the dolomite aquifer; (3) ten to thiry
\
i feet of permeable sand and gravel of the Henry Formation, forming the unconfined

' glacial aquifer that dominates the western part of the site; (4) a thick

sequence of poorly permeable Yorkville and Maiden Till occupying the glacial

i sequence across the eastern part of the site and, except for some thin sandy

interlayers, blocking groundwater flow in that area. The landfill sits over
.!
I units (3) and (4). The water table in the east is controlled by Silver Lake,

* declines steeply between the till and glacial aquifer units, and slopes down

toward the West Branch DuPage River; total water-table relief is about twenty

feet. Sections of Spring Brook recharge the glacial aquifer. The main
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groundwater flow is southwards along the glacial aquifer, with some flow between

Silver lake and the Swim and Supply Lakes. The potentiometric surface of the

dolomite aquifer slopes generally east to west under the site. Bedrock-aquifer

heads are lower than heads in the glacial aquifer; the south-western part of the

site, where the aquifer separation is slight and the potentiometric surface less

steep, is a probable zone of leakage from glacial to bedrock aquifers.

Quantification of leachate production and leakage from the landfill was

made both by calculation of infiltration and by analysis of leachate-level

changes. A total leakage of between 600 and 3000 ft /day was estimated;

however, the calculations are uncertain and the figures are probably over-
3

estimates. For the purpose of further analysis, leakages of about 500 ft /day

from each of the northwestern, southern, and northeastern parts of the landfill

are assumed. A dilution of about 1 in 100 in the aquifer south of the landfill

was indicated.

Contaminant plumes of both total dissolved solids (IDS) and total organic

volatiles (TV) are observed from monitoring wells around the landfill. The TDS

plume is roughly concentric (the tendency for downgradient skew is countered by

the greater dilution in the aquifer there than in the tills upgradient) and

background levels are reached quickly; the higher concentrations in the

southwest area are attributed to Spring Brook recharge. The TV plume attenuates

more rapidly. There is no evidence of increases in contaminant levels; the

plumes appear to have reached steady-state or even decline. The landfill

is not causing off-site contamination in the glacial aquifer. The only evidence

for contamination of the dolomite aquifer is the presence of trace volatile

organics in some bedrock wells; however, sources other than the landfill are

possible, and the evidence is not conclusive.
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On the basis of hydrogeological findings, drastic and immediate remedial

actions are not recommended. Regular groundwater monitoring should be continued

to confirm that the contaminant plume has indeed reached steady-state, and to

ensure that if a serious problem developed it would be detected quickly. If it

is determined that the trace quantities of volatile organics in the bedrock

aquifer are unacceptable, a more extensive study should be undertaken to

identify all sources of contaminants and delineate the bedrock problem more

clearly. Remedial actions to clean up the shallow aquifer would also remove the

source of landfill-derived contamination of the bedrock aquifer. Various

remedial actions might include further landfill engineering to reduce

infiltration, removal of the leachate, placement of extraction wells in the

shallow aquifer, emplacement of passive cut-off structures to block the movement

of contaminants within the shallow aquifer, and recharge of the Swim Lake by

piping from Silver Lake, to maintain higher lake levels and block groundwater

inflow. Such actions would, of course, require engineering feasibility studies.

-r
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HYDRAULIC CONNECTION BETWEEN GLACIAL AND BEDROCK N° 93288
i AQUIFERS AT A LANDFILL SITE IN N.E. ILLINOIS '
{ BOOTH, Colin J. and VAGT, Peter J., Department of Geology, Northern

Illinois University. DeXalb, Illinois 60115
Local hydraulic connection between glacial and bedrock, aquifers is shown

| in a study of the Blackwell landfill, DuPage County, Illinois, which was
< constructed in glacial outwash and till overlying Silurian dolomite.
' Several monitoring wells at the cite penetrate through 40.to 80 ft of

drift into bedrock, cores of which show a vuggy but tight dolomite with
j occasional subvertical -weathered fractures. Pump tests Indicate that
| bedrock hydraulic conductivities range from 10 ~' cm/s to Incalculably
» high; groundwater flow in the dolomite is almost certainly in fissures.

Over most of the site the bedrock is immediately overlain by dense
, sllty clay (lodgement till ?) at the base of tne drift, and, as shown by

adjacent cased wells of different depths, vertical head drops from glac-
t ial to bedrock aquifers are 6 to 10 ft. In an area downgradient, howev-

er, the immediate cover is sand and gravel, and the glacial-bedrock head
drop is only 1 to 2 ft. Similarly, the bedrock plezometric surface has

!

a regular slope (of about 0.006) In the till-covered area, but is dis-
torted and has a flatter (0.001) slope in the sand-covered area. These
relationships suggest that the bedrock is being recharged where It is
overlain by the sand and gravel.

I Further evidence is given by Che presence of organic contaminants in
; — samples from bedrock monitoring wells, from total VOC levels of 15 ppb
i in Che sand-covered bedrock near the landfill to 5 ppb downgradient. The

contaminants are probably leaking into the bedrock aquifer from the main
plume in the overlying glacial aquifers, through the sand and gravel

i layer in direct contact with the dolomite.
j The existence of a local hydraulic connection between glacial and

bedrock aquifers is significant not only for this site but also because
-•5 such connections may be common pathways for contaminant movement into
I bedrock aquifers In this widespread type of hydrogeological setting.

i

DELINEATING A LANDFILL-DERIVED CONTAMINANT I
j PLUME OF DIFFUSE NATURE IN GLACIAL OUTWASH | NO 102479
j ' DEPOSITS. ~
1 VAGT. Peter J., Geology Department. Northern Illinois

University. DeKalb, Illinois 60115.
• Between 1965 and 1972 a forty-acre, 150-foot high landfill
' was constructed in western DuPage County (IL) in glacial
\ outwash deposits. 58 monitoring wells were Installed

between 1972 and the present. In 13 years of monitoring
data, no time-variation of inorganic parameters was evi-

J •. dent, however a halo of relatively higher concentrations
i was found to surround the landfill ... .he glacial aqu.
1 It; could not be conclusively shown that the landfill

was contaminating the glacial aquifer until 1983 when
t monitoring samples were analyzed for volatile organic
j compounds (VOC's). At that time concentrations of total
i volatlles were found to range from 140 ppb near the

landfill to 3 ppb at distances 300 to 400 meters down-
gradient from the landfill. The VOC's proved to be the
constituents conservative enough to marie the contaminant

j plume in the high permeability outwash deposits.
To determine pollutant loading and potential aquifer

degradation, well logs, pumping and slug tests, and flow
1 modeling were used to develop a detailed hydrogeologlc
i characterization of the site. It was found that the
I configuration of the man-made lakes, the site geology, and

the local flow regime have combined to form a flow system
. which quickly dilutes the leaking solutes to low concen-

trations within short travel distances from the landfill.
i Because/of the thorough site documentation and the

availability of relatively long-term monitoring records,
this has been an Ideal study to test several solute

! ' transport models.

i

Copies of Abstracts: From Geological Soc. America, Abstracts with
: Programs (20th Annual Meeting, North-Central Section), v.18, no.

March, 1984
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Hydrogeology and Historical Assessment of a Classic
Sequential-Land Use Landfill Site, Illinois, U.SA

COLIN J. BOOTH
Department ol Geology
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DeKalb, Illinois 60115. U.S.A.
PETER J. VAGT
Warzyn Engineering
Itasca, Illinois 60143, U.S.A.

ABSTRACT / The Blackwell site in northeastern Illinois was a
classic sequential-use project combining land reclamation, a
sanitary landfill, and a recreational park. This paper adds a
recent assessment of leachate generation and groundwater
contamination to the site's unfinished record. Hydrogeological
studies snow that (1) the landfill sits astride an outwash

aquifer and a till mound, which are separated from an un-
derlying dolomite aquifer by a thin, silty till; (2) leachate leaks
from the landfill at an estimated average rate between 48
and 78 rrWd; (3) the resultant contaminant plume is virtually
stagnant in the till but rapidly diluted in the outwash aquifer,
so that no off-site contamination is detected; (4) trace VOC
levels in the dolomite probably indicate that contaminants
have migrated there from the landfill-derived plume in the
outwash. Deviations from the original landfill concepts in-
cluded elimination of a leachate collection system, increased

landfill size, local absence of a clay liner, and partial use of
nonclay cover. The hydrogeological setting was unsuitable
for the landfill as constructed, indicating the importance of
detailed geological consideration in landfill and land-use
planning.

Introduction

Environmental land-use planning is today estab-
lished enough to be included in classroom texts on en-
vironmental geology (Keller 1985; Montgomery 1989).
In the 1960s, it was a novel concept. A classic sequen-
tial-use site of the time was the Blackwell Forest Pre-
serve in DuPage County, Illinois, a combined land-rec-
lamation project, sanitary landfill, and recreational
park. The site now provides an excellent example of
the long-term hydrogeological impact of a land-use
plan.

DuPage County, just west of Chicago, was in the
1960s facing several environmental pressures. Major
urban growth was projected; die county's waste-dis-
posal sites were almost full; local governments were
being urged to maintain open-space "green belts." The
Forest Preserve District of DuPage County (FPD) re-
sponded with the then-new concepts of sequential
land-use planning and sanitary land filling to produce
what is now die Roy C. Blackwell Forest Preserve.
Derelict land, originally a sand-and-gravel quarry, was
used for an engineered, municipal solid-waste landfill
from 1965 to 1973, with costs partly offset by quar-
rying for aggregate and cover, and was subsequently
landscaped as a forest park complete with a 28-ha lake
for boating and fishing and a 1.6-ha lake for swim-
ming. The landfill itself is both a scenic amenity and a
winter sports hill.

The project was hailed as innovative and environ-
mentally sound in publications such as Fortune (Rose
1970) and National Geographic (Blair and Young 1970).

In their 1983 book Future Water, Sheaffer and Stevens
(die former was die landfill's original designer) report
diat the site has become a major recreational amenity
with continued protection of ground water. Neverthe-
less, evidence of on-site groundwater contamination
has accumulated since die early 1970s dirough an ex-
tensive monitoring program. The swimming lake has
been dosed as a precaution since 1984. Reports in die
local press express public concern about groundwater
contamination.

Neidier die published record of a trouble-free ex-
emplary site nor die local misapprehension of a con-
taminant direat accurately portrays Blackwell. The
record of diis classic site is incomplete, and therefore
die first purpose of this paper is to provide an objec-
tive later record and hydrogeological assessment.

Except for a preliminary research report on our re-
cent hydrogeological investigation (Booth and Vagt
1986), and Vagt's (1987) dissertation, results of die
postconstruction studies at Blackwell are unpublished.
Yet, as a model land-use site and die subject of several
investigations, Blackwell has a combination of histor-
ical and current information not available in most
landfill studies: a record of design and construction,
leachate data, detailed geological and hydrological
data, and recent characterization of die contaminant
plume. Blackwell remains a classic example of how die
impact of a landfill is controlled by die interaction of
die landfill design and construction widi die hydro-
geological setting. The second purpose of diis paper is
to summarize die hydrogeological and landfill infor-
mation to illustrate diis interaction.
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Description of the Site

The Black well site is an area of over 480 ha located
south of Winfield in DuPage County, Illinois (Fig. 1).
The natural on-site relief is about 6 m. Characteriza-
tion of the site geology is based on correlation of split-
spoon samples, rock cores, and strata logs from
borings for more than 50 monitoring wells.

The geological section (Fig. 2) comprises 9-21 m of
Wisconsinan-age glacial drift materials, overlying Si-
lurian-age dolomite bedrock. Drift samples from sev-
eral weUs have been tentatively correlated to known
stratigraphy by the Illinois State Geological Survey
(ISGS; B. Curry, personal communication to Vagt
1985). The basal drift mantling the bedrock is a silty
till, 1-4 m thick, probably the basal Tiskilwa. In the
east, this till is overlain by a thick (12-18 m) mound of
clayey tills, probably the Maiden and Yorkville
forming pan of the West Chicago Moraine. Sand-and-
gravel outwash of the Henry formation outcrops over
the entire site, thinly over the till mound in the east
but forming a thick (up to 9 m) wedge lying directly on
the Tiskilwa in the west.

The Silurian dolomite is the primary local aquifer,
tapped by numerous domestic and municipal wells. Its
major water-bearing zones are fractures and joints
(Zeizel and others 1962), an observation supported in
this study by both pumpingnest results and core exam-
ination. Glacial outwash provides only 2 percent of
water supplies in the county (Sasman and others 1981)
but can be highly permeable and form potential con-
taminant pathways to the dolomite.

A summary of measured hydraulic conductivities
for the various lithologies is given in Table 1. Labora-
tory measurements by permeameter were extremely
low for the clayey Yorkville, moderately low for the
silty Tiskilwa, and moderatel) high for the outwash.
The permeameter tests for the Maiden are for a sand
layer, indicating that sandy interbeds may provide
flow pathways within the otherwise poorly permeable
till mound. Pumping and bail tests in the field confirm
that the outwash is the most permeable drift unit and
the Yorkville the least, but generally show higher and
more variable hydraulic conductivities, further re-
flecting the influence of lithologic heterogeneities.
The field permeability of the Yorkville is probably ex-
aggerated by the placement of screened intervals in
sandier zones. The dolomite permeability ranges from
very tight to very high depending, presumably, on
fracture interception.

There are thus four major hydrostratigraphic units
at the site: the underlying dolomite aquifer, the Tis-
kilwa leaky aquitard overlying it, the outwash aquifer
in the west, and the Maiden-Yorkville aquitard

Figure 1. Location and site map of Blackwell Forest Pre-
serve, showing off-landfill water-table contours (October
1985) and monitoring-well numbers.

mound in the east. The landfill sits astride the outwash
aquifer and till mound.

Surface-water bodies virtually surround the site
(Fig. 1). The water table slopes west from Silver Lake
and south to the West Branch DuPage River, con-
stant-head boundaries with water levels 215.2-215.8
m and 210.3 m, respectively. Spring Brook on the
north and west is maintained by sanitary effluent from
upstream and loses to groundwater in its lowermost
reach. Numerical modeling (Vagt 1987) suggests that
this recharge is insufficient to create a boundary
mound, but hydrochemical data (see below) indicate its
importance as a local contaminant source.

The steep water-table gradient west from Silver
Lake across the till mound to the outwash aquifer con-
firms that the mound is largely a barrier to ground-
water flow. The dominant groundwater movement is
instead southward through the outwash aquifer. The
potentiometric surface in the underlying dolomite
aquifer slopes westward. From the water table down to
the potentiometric surface, there is a vertical head
drop ranging from over 3 m in the northeast to
0.3-0.6 m in the southwest. The area of maximum
potential leakage from glacial to bedrock aquifers is in
the southwest, where the Tiskilwa mantle beneath the
outwash is thinnest and possibly locally absent.

Design and Construction of the Landfill

Sheaffer and Stevens (1983, p. 218) note dial to
minimize groundwater contamination, the Blackwell
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Rgure 2. West-east section through Blackwell landfill and site geology.

Table 1. Summary of hydraulic conductivities from Blackwell tests

Geologic unit

Henry Ourwash

Range of values
(cm/sec)

3.4E-04-4.7E-02
8.1E-04-8.1E-01

1.0E-01-1.6E + 00

Lognormal mean
(cm/sec)

8.5E-04
5.8E-02

4.2E-01

Test method

Permeameter (8 sets)
Single-well tests
13 analyses/ 1 1 tests
Cross-well tests
(6 observation wells)

Yorkville Till

Maiden Till (sand unit)

Tislulwa Till

Dolomite

<1.0E-07
8.6E-07-1.6E-03

1.3E-02-3.3E-02

1.5E-06-4.6E-05
9.1E-05-3.3E-01

2.6E-07-2.0E-01

immeasurably high

7.4E-05

1.8E-02

3.5E-06
1.2E-03

8.3E-05

Permeameter tests
Single-well tests
8 analyses/4 tests

Permeameter (3 sets)

Permeameter (9 sets)
Single-well tests
6 analyses/3 tests

Single-well tests
11 analyses/7 tests
Single-well test G133

landfill was built above grade (in contrast to the then-
usual trench approach) on an impermeable clay floor,
above the water table, with the waste packed in small
cells sealed by day. The earliest design recommenda-
tions (unpublished material in FPD files) were to build
a pilot landfill of about 0.8 ha in area, with the refuse
in small cells separated by day berms, and to collect
leachate (water that has been in contact with the
refuse) down-gradient. The working design (Table 2)
kept the above-grade cellular concept, but in an opera-
tional, much larger landfill without a leachate collec-
tion system.

DuPage County Department of Public Works
(DPW) was contracted to build the landfill under FPD
supervision. Lake excavation was conducted simulta-

neously with landfilling. The clay and aggregate exca-
vated from the north lobe of Silver Lake (the south
had already been quarried) was used for landfill cover.
Although the design was generally followed, some de-
viations did occur. For example, a drainage ditch be-
tween Silver Lake and Spring Brook, cut during the
original quarry operation, was partly filled with con-
crete, brush, and logs and then covered by a cell on
the southern side of the landfill; from boring logs, it
appears that this area was not lined with clay. Letters
between the FPD and DPW also suggest that fill-to-
refuse ratios were lower than designated (1 to 1 to 2 to
1 instead of 3 to 1) and that sand-and-gravel aggregate
was mixed with the day cover material.

The landfill was completed in 1973. The area of the
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Table 2. Working design specifications of the
Blackwell landfill

Landfill area 35 acres (14.2 ha)
Fill - refuse ratio 3:1
Cellberm 4 ft (1.2 m) per lift
Cell berm width 11 -12 ft (3.4-3.7 m) at top
Refuse height 3 ft (0.9 m) per lift
Minimum daily 6 inches (0.15 m) day or clay and gravel

cover
Cell cover 1.5 ft (0.46 m) clay, forming the floor of

the overlying cell and offset for stability
Landfill base 2 ft (0.6 m) of blue day dovetailed into

existing blue clay formation
Compaction By maximum use of site tractor crossing

refuse
Landfill cover 12 ft (3.7 m) of compacted day, covered

by soil, and vegetated

initial eight cells is about 12.2 ha, but refuse has been
penetrated by vent borings over a wider area, uncer-
tainly estimated at about 3.1 ha (Fig. 3). The final
hilltop, formed of 15-18 m of clay, stands 46 m above
the surrounding landscape at an elevation of 256 m.
Coarse-grained material was used to bring the landfill,
which had a terraced shape because of the offset of
berms, to a smooth grade. The final cover above the
grading cover is 0.6-4.6 m thick; composed of sand,
gravel, and clay; with about 10 cm of topsoil, vegetated
mainly with grass.

Leachate Generation and Leakage

Behavior of Leachate Levels

Changes in the volumes and levels of leachate re-
flect the difference between gains and losses of water
to and from the landfill. The hydrologic behavior
changes through time. According to Ham (1986), the
initial moisture content of buried refuse is below field
capacity, so that during the early stages drainage and
potential leakage is limited to localized channeling.
Water from infiltration gradually builds up the mois-
ture content to field capacity, at which stage general
gravity drainage can begin. Eventually, a leachate
mound builds up, until an approximate hydrologic
balance is reached in which average outflow (pri-
marily from basal leakage, and possibly from seepage
through the sides) equal the average infiltration, and
leachate levels stabilize.

The leachate level recorded in an in-fill well in-
stalled by the 1SGS in 1968 rose about 1.5 m/yr until
1970, then about 0.3 m/yr until 1980. This increase
may reflect refuse compaction as well as increasing
water content. Leachate levek recorded at several
landfill vents since 1982 have fluctuated around fairly

constant levels, suggesting that an approximate equi-
librium has been reached.

Based on measurements from the present 24 vents
(Appendix A), the leachate within the landfill forms a
mound (Fig. 4) with a peak elevation above 229 m,
well above the ambient water-table elevation of
213-216 m interpolated beneath the landfill from the
surrounding wells. Care has been taken not to pene-
trate the landfill's liner with vents or wells; therefore,
the degree of saturated hydraulic continuity between
the mound and the water table is not known, nor is the
internal continuity between cells and lifts. Some
leachate zones may be perched or isolated. Further-
more, leachate water may be ponded in some moni-
toring wells, indicating false levels, and conversely the
vents may facilitate vertical drainage through re-
tarding layers between zones in the landfill. Thus,
Figure 4 is only the most straightforward contour in-
terpretation; other interpretations are possible.

In the absence of a leachate collection system, avail-
able methods of estimating leachate generation or
leakage rely on a water balance. Three such methods,
discussed below, were applied in this study. Additions
to the initial moisture buried with the refuse come
principally from the percolation of water that has in-
filtrated from precipitation. Water may leave the land-
fill by:

1. Leakage through the base, a function of the hy-
draulic conductivity and integrity of the basal liner and
the head drop across the liner. The liner appears to be
sufficiently retardative to hold up the leachate mound;
as a corollary, significant leakage is more probable in
areas where the leachate levels are lower, for example
in the northeast and along the buried ditch in the
south.

2. Seepage of water through ifie sides of the land-
fill. At Blackwell, numerous minor leachate seeps were
reported in 1980-1982. They were considered by the
FPD and consultants to be the localized results of
near-surface interflow rather than discharge of
leachate from the refuse pile itself and were corrected
by engineering measures such as underdraining the
north side of the landfill and surface patching the west
side. However, hillside seepage and interflow remain a
source of uncertainty in the infiltration budget.

Water may also be generated or consumed by the
chemical and biological processes of decomposition
(Baedecker and Back 1979; Ham 1986). Water may
also be lost by evaporation directly from the leachate
within the refuse (additional to the evapotranspiration
from the soil moisture in the cover, which is consid-
ered as pan of the surface infiltration balance). Op-
portunities for escape of vapor are provided by de-
gassing vents and by gas seepage through the pores
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v«n hot

Figure 3. Layout of original cells
(1-8) and delineation of extra refuse
areas (A-C).

and cracks of the cover. Such losses and gains do not
appear to have been quantified and are neglected in
the standard budget methods used in this study.

EPA Water-Balance Method

An estimate of leachate generation was made using
the U.S. Environmental Protection Agency (EPA)
water-balance method (Fenn and others 1975), which
is based on the straightforward budget equation:

L = P - R - d S - AET

where I is percolation to form leachate, P is precipita-
tion, R is surface runoff, dS is change in soil-moisture
storage, and AET is actual evapotranspiration. The
equation is applied on a mean monthly basis. Surface
runoff is treated as the first fractionation of precipita-
tion and estimated by multiplying incident precipita-
tion by tabulated, slope-dependent, empirical, runoff
coefficients. In the application of the water-balance
method to Blackwell, the landfill was subdivided into
nine subareas on the basis of slope and cover thick-
ness. Changes in soil-moisture storage and values of
potential and actual evapotranspiration were calcu-
lated using the tables of Thornthwaite and Mather
(1957), as in the EPA documentation. Site-specific me-
teorological data (temperature, precipitation) for the
year 1985 were used, and a day loam cover with a
10-cm root zone was assumed. Detailed information
on input data and on percolation estimates by subarea

and month, for all methods used, is available in Vagt
(1987) or from the authors.

Based on the water-balance method, the total an-
nual percolation for the whole landfill is 28,464 ms, or
23 percent of annual precipitation, an annual average
rate of 78 ms/d but concentrated during the non-
summer months when evapotranspiration is low. For
hydrologic equilibrium, this percolation should equal
average leachate leakage. The principal weakness of
the EPA water-balance method is the arbitrary assign-
ment of parameters—for example, tabulated and pos-
sibly unrepresentative runoff coefficients, and the as-
sumption of natural soil conditions—which makes its
site-specific application uncertain.

EPA HELP Model

An estimate of leachate generation was also made
using the HELP (Hydrologic Evaluation of Landfill
Performance) model of the EPA (Schroeder and
others 1984). Noted as "state-of-the-art" by Gebhardt
and Jankowski (1987), the HELP model calculates
percolation using a combination of water-balance and
flow-modeling routines and permits detailed specifica-
tion of landfill design characteristics.

The HELP model was run using the same areal
subdivisions as for the water-balance method, a specifi-
cation of "fair grass" vegetation, and a three-layer cap
(15.2<m root zone, 0.305-m unpenetrated loosely
compacted day, and a dense consolidated day base),
together with default dimatological data. The model
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topographic contour (m)
leachate contour (m)

Figure 4. Leachate mound in the Blackwell landfill.

calculated the annual leachate generation as 17,650
ms, or 16 percent of annual precipitation, an annual
average rate of 48 ms/d.

Additional runs for representative selected areas
showed that differences in vegetation quality have little
effect (increased evapotranspiration compensated in-
creased root penetration), but the inclusion of a 0.6-m
sand-and-gravel layer (present in some logs) in a four-
layer cap reduced the infiltration by 25 percent. Since
the extent of the coarse layer is poorly known, the sim-
ulation represents merely one possibility.

Leachate-Level Change Method

Both the water-balance and HELP methods depend
on non-site-specific approaches. In a site-specific
mediod independent of hydrometeorological approxi-
mations, Hughes and others (1971, 1976) had used
leachate-level hydrographs to estimate leachate gener-
ation in several landfills in Illinois, relating leachate

level changes (rises) to volume changes by the equa-
tion:

dV = dH * A * n

where dV is the change in leachate volume, dH is the
change in leachate level, A is the area over which
change is effective, and n is the effective porosity (spe-
cific yield) of refuse.

Leachate levels were measured several times at
Blackwell at most vents between April and November
1985 (Appendix A); the above equation was applied to
the period of dominant decline between June and
September. Falling leachate levels may be attributed to
absolute loss through leakage or to local drainage
within the landfill. The few anomalous rises in level
during the recessional period may be due to lagged or
summer-storm infiltration or to gains from local in-
ternal drainage. Because of these ambiguities, two ex-
treme approaches were used:
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1. A minimum leachate leakage rate was calculated
from the net change in leachate level for the whole
period between June and October. Any rises in levels
during the inventory period are incorporated into the
net change and therefore are considered as internal
redistribution of leachate.

2. A maximum leachate leakage rate was calculated
from the cumulative declines for each vent, for the de-
cline periods onJy; any periods of rising levels at par-
ticular vents are disregarded and therefore considered
due to delayed or anomalous recharge.

In both cases, the average daily head change for the
periods considered was convened to an average daily
volume change for each area represented by the par-
ticular vent. An effective porosity of 0.3 is used, fol-
lowing the EPA report by Fenn and others (1975). It
should be noted that ail leachate volumes calculated by
this method are directly proportional to the effective
porosity, which is not known with any certainty.

The original classification of vents into shallow (SV)
and deep (DV) appears to be arbitrary and not consis-
tently related to layers within the landfill. Therefore,
no distinction is made between SV and DV vents. The
area of leachate mound represented by a particular
vent is uncertain. For this exercise, the landfill was
subdivided according to the cell plan (Fig. 3), leachate
changes for each cell being based on the average
change in level in all vents within that cell area (cell 5,
with no vents, being grouped with adjacent cell 6). As
a comparison, the landfill was also subdivided into
Thiessen-type polygons centered on each vent. The
estimates produced by the polygon method was vir-
tually identical to those produced by the cell subdivi-
sion method and are therefore not further discussed.

Immediately adj~. .ems DV2 and DV11, in cell
7, show suspect behavior. DV2 was completed only
into the grading cover; DV11 was drilled next to DV2,
into the refuse. During the inventory period, the water
level in DV2 declined while the leachate level in DV11
rose substantially, suggesting local drainage between
the vents. Since the validity of these data is uncertain, a
comparison calculation has been made totally ex-
cluding the area represented by these vents.

Leachate leakage estimates from all methods are
summarized in Table 3, which (since the different
methods consider somewhat different landfill areas)
aLo shows leakage rates averaged per area. Including
the suspect DV2-DV11 data scarcely affected the
maximum leakage estimate but considerably lowers
the minimum estimate, which is sensitive to the rising
level in DV11. Therefore, the minimum estimate is
probably too low. However, given the inherent uncer-
tainty in assuming an effective porosity value, the
leachate-level method does suggest an extreme range

Table 3. Estimates of annual average daily leakage
of leachate

Method

Leachate-level changes
Maximum
Minimum
Minimum exd. DV2-DV11

data
EPA water balance
EPA HELP model, three-layer

cover
EPA HELP model, four-layer

cover

Volume
(ms/d)

129
14

59
78

48

36

Area
(m1)

150,692
150,692

126.203
130,154

130,154

130,154

Vol/area
(m»/ha)

8.56
0.93

4.68
5.99

3.69

2.77

of leachate leakage quantities, between a minimum of
about 0.93 and a maximum of about 8.56 ms/d/ha
(14-129 m5/d for the whole landfill). Estimates by the
EPA water-balance method (5.99 mVd/ha; 78 ms/d an-
nual average for the whole landfill) and HELP model
(3.69 m3/d/ha; 48 mVd total, for the three-layer case)
are intermediate to this extreme range. Despite the
uncertainties and imprecision of the various methods,
their results are broadly consistent. A working value
for the annual average rate of leachate leakage for the
whole landfill is thus about 63 ms/d (average of HELP
and water balance, intermediate between level-change
maximum and minimum estimates).

Leachate Chemistry

Leachate chemistry reflects not only the refuse
composition but also different stages and rates of de-
composition. A landfill tends to evolve through three
major stages (Cartwright 1984; Ham 1986):

1. aerobic, primarily producing CO2 and hence
carbonic acid; the leachate is typically high in
total dissolved solids (TDS), but is produced in
small volumes, because the moisture content is
still low.

2. Facultative (anaerobic nonmethanogenic), pro-
ducing large quantities of acidic leachate high
in TDS.

3. Methanogenic, during which anaerobic bacteria
generate methane; the stage produces a more
benign leachate (higher pH and lower TDS)
but requires very reducing conditions and ade-
quate or abundant water.

The strongest leachates in the greatest volumes are
therefore produced in the facultative stage. Cartwright
(1984) notes that most landfills should reach the steady
phase of die methanogenic stage in 180-500 days.
However, different zones of the landfill may be in dif-
ferent decompositional stages at the same rime because
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of their different environments of degradable refuse
and availability of oxygen and water.

Chemical analyses of Blackwell leachate, available
for a single 1969 sample (Hughes and others 1971)
and for several samples taken between December 1984
and May 1985, are summarized in Table 4. Analyses
of selected constituents from particular vents are
shown in Appendix B. The ieachate has a wide range
of chemical characteristics (for example, pH ranging
from 5.3 to 8.1, TDS from 583 to 49.100 mg/1), sug-
gesting that different decompositional environments
are present in the landfill. The environmental differ-
ences probably are due in pan to variations in
throughflow of water. Greater percolation rates favor
the earlier exhaustion of readily degraded refuse, and,
later, the maintenance of the more benign methano-
genic stage. Therefore, in a landfill of Blackwell's age,
the recent leachate should be weaker in areas of
greater throughflow and stronger in hydraulically iso-
lated areas.

Generally, the strongest leachates are found at
vents in the central part of the landfill (SV2, SV9,
SV11, SV12, DV7, DV10), where the day cover is
thicker and percolation presumably less, whereas the
weakest leachates are found where the clay cover is
thinnest (SV4, SV6, SV7) and in the old drainage ditch
area (SV3, DV4, DV12). Furthermore, an overall in-
verse relationship is observed (Fig. 5) between leachate
strength (TDS) and leachate-level variation, which, ac-
cording to Hughes and others, should indicate higher
percolation rates. The weaker leachates are generally
found at vents with greater variation and presumed
greater throughput, while the stronger are found at
vents with less variation and presumed less through-
put.

The average TDS concentration of leachate
samples is 10,038 mg/1 (lognormal average 3,893 mg/1).
However, weighted contaminant-loading calculations
based on concentrations and volumes for individual
vents estimate average concentrations of about 2,500
mg/1 TDS and 330 mg/1 Cl in the leakage itself. These
concentrations would be further diminished, before
entering the aquifer, by adsorption and other attenua-
tion processes through the landfill liner.

Contaminant Plume

Leachate from the Blackwell landfill is leaking into
the glacial aquifer system at an estimated annual
average rate of about 63 ms/d (average of EPA water-
balance and HELP calculations). The overall flux of
groundwater across the site has been calculated as
1,133-2,266 mVd using flow nets and the observed
hydraulic gradients and conductivities (Vagt 1987).

The on-site dilution of the contaminant loading is
therefore probably in the range 18 to 1-36 to 1. How-
ever, neither the contaminant loading nor the attenua-
tion and dilution in the aquifer is evenly distributed, as
analyses of samples from monitoring wells show.

A drilling and sampling program has revealed the
existence of a contaminant plume. A summary of
major ion analyses for wells and surface waters at the
Blackwell site from the December 1985 sampling is
given in Table 5; average values of chloride, TDS, and
total volatile organics for identified off-landfill moni-
toring wells are shown in Appendix C.

Background TDS and chloride concentrations in
the sand and gravel aquifer in this area are reported
(Schicht and others 1976) as 556 and 36 mg/1. The
concentrations of most solutes in the glacial drift mon-
itoring wells are somewhat above background. Moni-
toring wells immediately adjacent to the landfill show
TDS values of 700-1,000 mg/1 downgradient and over
1,200 mg/1 upgradient (Fig. 6). However, in wells only
60 m from the landfill, values approach background
levels. Chloride concentrations behave similarly. No
systematic trend in contaminant levels has been ob-
served between 1980 and 1985, suggesting that the
plume has achieved an approximate steady state.

The separate area of elevated TDS and chloride
concentration in the far west of the site (Fig. 6) re-
flects the independent contaminant source of Spring
Brook. This wastewater-fed losing stream has poor
quality water high in TDS, sodium, and chloride levels
(Table 5).

Since the FPD began documentation and sampling
according to EPA protocols in 1983, 21 volatile or-
ganic compounds (VOCs) have been detected in
grcu.dwater at the Blackwell site, although only four
consistently: 1,1-dichloroethane (DCA), «j-l,2-dichlo-
roethylene (cis-DCE), trans-1,2-dichloroethylene (trans-
DCE), and trichlorethylene (TCE). cu-DCE and trans-
DCE can be formed as breakdown products of TCE
(Parsons and others 1984).

In leachate within the landfill, volatiles locally ex-
ceed 10,000 ppb (parts per billion) and average
2,000-3,000 ppb. VOCs do not occur naturally in
groundwater and therefore definitively indicate die
presence of contaminants, although since they can
originate from a wide variety of human activities, they
are not uniquely linked to the landfill. Nevertheless,
the VOC occurrence in the shallow wells at Blackwell is
unmistakably pan of the landfill contaminant plume.
Summed concentrations of the four major VOCs are
of the order of 100-300 ppb adjacent to the landfill,
dropping to 20 ppb 30 m downgradient and zero in
the glacial aquifer along Spring Brook. Over the two-
year sampling period, the VOC concentrations in most



Hydrogeology of Classic Land-Use Landfill Site 173

Table 4. Leachate characteristics from Blackwell landfill*

1984- 1985 samples

Parameter

BOD
TDS
pH
Total alk (CaCO,)
Hardness (CaCO,)
Cadmium
Chloride
Iron
Lead
Magnesium
Potassium
Sodium
Sulfate
Zinc

1969 sample

39,680
19.144

NA
3,255
7,830

<limii
1,697
5,500

<limh
600
790
900
680
40

Maximum

NA
583

5.3
357

NA

6
0.03

<limit
70
2.5
8

<limit
<Iimit

Minimum

NA
49,100

8.1
8,780

NA
0.56

4,300
2,370

1.24
695
672

1.170
552

2.1

No. of samples

24
24

15
24
21

'All concentrations except pH arc in mg/V

wells appear to be either fluctuating around a steady-
state value or slowly decreasing.

Whereas landfill-derived contaminant plumes nor-
mally tend to be skewed downgradient, at Blackwell
the contaminant concentrations have an approxi-
mately concentric distribution around die landfill (Fig.
6). This pattern is most logically ascribed to dilution in
die highly asymmetrical aquifer system. Downgra-
dient, the plume is in the glacial outwash aquifer
where attenuation by dilution is very effective. Upgra-
dient, die plume sits within die till aquitard, where it
remains relatively immobile and concentrated because
diere is litde diluting flow.

Groundwater from between die landfill and die
Swim Lake has exhibited some of die highest inor-
ganic and VOC contaminant levels. However, widi die
exception of traces of cis-DCE in two samples collected
through the ice in December 1985, contaminants have
not been detected in die Swim Lake. Nevertheless, as a
precaution against the contamination risk the lake has
been dosed to die public since 1984. The FPD is
caught in something of a paradox. Closing die Swim
Lake has reinforced die mistaken opinion diat it is
contaminated. To reopen it in die present climate of
environmental liability and public distrust, die FPD
would have to take remedial action to eliminate the
contamination potential. However, since die lake is not
actually contaminated, no quantifiable remedial action
is possible.

The underlying dolomite is die principal aquifer in
die area. West (down piezometric gradient) of die
forest preserve diere are several private and municipal
dolomite wells, while to the south is a municipal cone
of depression. Therefore, any potential for contamina-
tion of the dolomite is of major concern.
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Figure 5. Relationship of leachate TDS concentrations and
leachate-level variation (as standard deviation).

Chloride and TDS concentrations in the dolomite
aquifer on site have not shown increasing trends
during die monitoring period. Further, with the ex-
ception of some probably erroneous (high charge-bal-
ance error) values from northeastern wells G132, the
observed solute and TDS concentrations in the dolo-
mite wells are approximately at die background levels
(400-800 mg/1) of nearby municipal and private dolo-
mite wells. The maximum total VOCs in the dolomite
monitoring weDs are in die range <20 ppb. These re-
sults suggest that landfill-derived contaminants may
have entered die dolomite aquifer; however, they are
not definitive, since odier sources are possible, particu-
larly local septic-unk systems.

A landfill source for bedrock contaminants requires
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Table 5. Summary of major ion analyses of monitoring samples. December 1985

Concentration (mg/1)

Shallow (glacial) wells:
Mean
Std. Dev.
Maximum
Minimum
Background

Mg

N = 32
48
15
96
23

Bedrock welk (excluding G132)b:
Mean 39
Std. Dev.
Maximum
Minimum

11
53
5

Na

31
27

109
4

N = 14
38
23
94
17

Dolomite-well background, Dupage County*
Median NA 30
Maximum
Minimum

NA
NA

317
4

Ca

103
35

218
34

58
29
77
3

NA
NA
NA

HCO,

267
142
836
128

188
114
548

7

NA
NA
NA

Cl

50
44

184
0

36

43
48

170
0

22
450

0

SO,

134
119
650

0
NA

80
23

124
49

166
864

0.1

TDS

692
211

1370
330
556

500
134
843
333

625
1832
259

Charge balance
error (%)

11
12
31

-21

16
10
29

-13

Surface-water and Cenade well
Cenacle
Spring Brook
Silver Lake
Swim Lake

43
49
28
45

47
337

13
22

82
107
33
59

201
270
88

173

69
507

19
29

94
163
67
81

605
1352
402
509

15
4

14
17

•Schichi and others (1976).
kN<Xe: Wells G1S2D and G152DD had TDS

•Siiman and others (1981).

3090, 4110 and CBE - 86, 98%.

a hydraulic connection between bedrock and glacial
aquifers. The most likely area is in the southwestern
pan of the Blackwell site where the outwash is virtually
in contact with the bedrock. Using an average outwash
hydraulic conductivity of 5.8 X 10~2 cm/sec (Table 1),
a measured outwash effective porosity of 0.23, and an-
nual average observed hydraulic gradients of 3.25/720
along a typical flow path, a seepage velocity of about 1
m/d is indicated. Even allowing for considerable error
in the conductivity estimate, there has been adequate
time for landfill-leakage solutes (at least if not strongly
retarded) to have migrated through the outwash
across the entire southwestern part of the site. Simi-
larly, using an observed vertical head difference of
0.46 m across the typical thickness of 1.2 m of Tiskilwa
till in the southwest of the site, a Tiskilwa measured
porosity of 0.3, and minimum measured laboratory
permeability of about 5 x 10~7 cm/sec, the maximum
travel time across the till for nonretarded contami-
nants is about 2,000 days. This time is enough for
landfill-derived contaminants to have reached the do-
lomite aquifer.

Conclusions

The Blackwell concept was an innovative environ-
mental land-use plan. Derelict land was reclaimed by

municipal solid-waste disposal in an engineered land-
fill, then landscaped as a recreational forest preserve.
Postlandfill groundwater monitoring since the early
1970s has revealed the existence of a landfill-derived
contaminant plume in the glacial outwash aquifer on
site, with possible evidence of minor contamination of
the underlying bedrock aquifer. As a precautionary
measure, the on-site Swim Lake has been closed.

The annual average daily leachate leakage i<nc is
estimated between H and 129 m3/d, by analysis of
leachate-level changes, and is most likely about 63
ms/d, the average of the HELP and water-balance
methods. That volume of leakage, over a landfill area
of approximately 130,000 m1, translates to about
22,995 m'/yr, or 15.9 cm/yr: 17 percent of the annual
average precipitation. A typical landfill of the period
would more likely have had almost half of the precipi-
tation infiltrating to form leachate (Hughes and others
1976), with no underlying barrier to leakage.

Had a leachate collection system been installed as
originally suggested, the leachate presumably would
not have entered the aquifer. Deviations from the
working design that probably increased the quantity
and/or strength of the leachate were the increased
refuse-fill ratio and the lack of a day liner in certain
areas. However, the fortuitous localized use of gravel
cover at Blackwell, which was not originally specified,
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Rgure 6. Map of TDS (mg/1) of samples from landfill leachate vents and ground-water monitoring wells, Blaclwell site.

more closely follows modern design recommendations
and permits interception and lateral discharge of infil-
tration before percolation to leachate. Furthermore,
areas of the landfill with greater throughflow appear
by now to have weaker leachate. It is thus by no means
certain that more rigid adherence to design criteria
would have substantially altered the leachate leakage
condition, but the contamination problem would cer-
tainly have been worse with a below-grade landfill
more typical of the time.

Geologically, the site is somewhat unsuitable for
waste disposal. The presence of a permeable glacial
out-wash aquifer on the western side allows die rapid
migration of contaminants from beneath the landfill.
An approximately concentric contaminant plume is
observed in the glacial materials, since the tendency
for downgradient skew is countered by die greater di-

lution in the ourwash downgradient than in the till up-
gradient. Contamination of groundwater in the out-
wash is not itself a serious problem, because dilution is
sufficient to attenuate the contaminant plume rapidly
dose to die landfill, so diat no off-site contamination
has been detected. The greater concern is the route
provided by the outwash for contaminant migration to
the Swim Lake and the dolomite aquifer.

Although the lake has proved remarkably fret of
contaminants because of the combination of flow
pathways and dilution factors, there remains the possi-
bility of deterioration should the flow system change,
for example by a change in water-table gradients. The
impact of any proposed remedial action on the flow
system should be thoroughly predicted.

Geological investigations have shown that the out-
wash downgradient from the landfill is separated from
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the underlying dolomite bedrock aquifer by a thin,
leaky layer of silty till. There has been sufficient time
for landfill-derived contaminants in the outwash
aquifer to have leaked into the dolomite aquifer. Al-
though TDS and inorganic solute levels in the dolo-
mite monitoring wells are scarcely above background,
there are trace levels of VOCs, probably although not
certainly from the landfill.

Despite the problems, the forest preserve is still a
recreational asset. In its combination of land reclama-
tion, sanitary waste disposal, recreational amenity, and
economic use of resources, Blackwell remains a model
of Land-use planning. The major weakness is that the
geological (and hence hydrogeological) conditions of
the site were unsuitable for the landfill as built, and

the major lesson for future landfills and land-use plans
is the danger of insufficient geological consideration
during engineering design and operations.
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Appendix A. Leachate levels measured at Blackwell in 1985

Leachate level (m above datum)

Vent

SV1
SV2
SV3
SV4
SV5
SV6
SV7
SV8
SV9
SV10
svn
SV12
DV2
DV3
DV4
DV5
DV6"
DV7
DV8
DV9
DV10
DV11
DV12
DV13

Apr 23

224.44
219.19
221.12
218.74
216.18
221.18
222.91
216.07
216.12
211.60

NA
NA

229.70
224.89
214.96
212.91
220.83

NA
NA
NA
NA
NA
NA
NA

J u n 7

224.24
219.16
220.55
217.82
216.17
220.94
221.91
216.07
216.10
211.04

NA
NA

228.55
224.75
214.13
212.67
220.80

NA
216.48
216.16
219.78
225.35
213.41
216.22

Jul 15

224.11
219.14
220.26
217.92
216.01
220.93
221.85
216.06
216.09
210.76
221.49
231.59
228.15
224.66
213.68

NA
220.62
217.75
216.23
215.99
219.73
226.45
212.81
216.39

AugSl

224.28
219.15
220.23
217.94
215.85
220.91
221.85
216.09
216.12
210.56
221.45
231.71
228.82
224.63
213.28
212.57
220.73
217.69
216.05
215.89
219.75
226.86
212.66
216.47

Oct20

223.88
219.14
219.99
218.86
215.78
220.88
221.67
216.07
216.10
210.67
221.44
231.70
228.61
224.37
011 11
21^.84
220.62
217.63
215.99
215.80
219.76
226.97
212.51
216.52

Nov 17

224.06
219.14
220.63
218.14
215.88
220.77
221.92
216.09
216.10
210.96
221.19
231.88
228.45
224.58
213.69
212.48
220.70
217.65
216.02
215.97
219.79
226.92
212.66
216.57
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Appendix B. Selected chemical characteristics of
Blackwell leachate

Cone (mg/1)

Vent pH TDS Cl

SV1 7.0 1,690 14
SV2 5.9 45,600 5,650
SV3 7.4 643 6
SV4 6.6 583 10
SV5 6.9 12,240 1,270
SV6 7.0 1.023 74
SV7 6.9 1,407 115
SV8 5.5 6,713 345
SV9 5.6 29,700 2,400
SV10 7.1 1,343 262
SV11 7.1 16,100 2,050
SV12 8.1 7,043 16
DV2 7.5 1,143 26
DV3 6.3 1,807 130
DV4 7.3 1,160 124
DV5 7.6 8,093 2,580
DV6 7.2 3,510 510
DV7 8.0 8,360 3,830
DV8 5.3 2,820 1,160
DV9 5.5 1.860 440
DV10 5.3 36,300 3,100
DV11 7.3 1,390 SO
DV12 7.2 1,290 80
DV13 5.4 49,100 4,300

Average 6.7 10,038 1,188
Std. Dev. 0.9 14,365 1,595
Avg. of log values 3,893 264

Appendix C.

Well

G100
G101
G102
G103S
G103D*
G104
G105
G107S
G107D
G108
G109
G110
G i l l
G112
G11S
G1H
G115S
G115D*
C116
G117
G118S
G118D*
G119
G120S

fe

NA
0.12
1.2

10.4
0.2

39
1,620

690
2.370

1.8
2

1,960
0.11

800
0.03
1.1

143
76

NA
NA

390
6.1

280
4.1

349.8
662.09

Average values of selected chemical constituents in off-landfill monitoring wells, 1980-1986a

Mean

3,343
946

1.275
507
333

1,275
943
452
521
531
987
734
687
805
864
589
578
722
818
579
780
734

1.060
339

TDS (mg/1)

SD

7,2*7
637

2,146
144
66

390
266
249
119
146
755
209
159
319
315

91
95

140
117
92
97

165
297
91

CHLORIDE (mg/1)

N

14
13
12
14
14
12
14
14
14
14
14
10
14
14
13
14
14
14
14
14
13
13
12
14

Mean

270
75
25
24
12
12
23
8

34
26
44
52
34
32
41
27
30
68

143
31
10
80

101
9

SD

179
35
29
12
8
7

24
5

17
11
14
16
19
24
29
14
18
14
37
11
8

36
78
3

N

14
13
12
14
14
12
14
14
14
14
14
12
14
14
13
14
14
14
14
14
13
13
12
14

VOC (ppb)
mean total

57.4
312.7
176.1

2.4

57.4
312.7
176.1
143.9
41.1

20.2
280.8
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G120D*
GJ21
G122
G123
G124
G125
GI26
G127
G128S
G128D«
G128I
G129
G130
G13ID*
G131DD*
G132D*
G132DD*
G133S
G133D*
G133DD*
G134*
G135*
G136«

388
422
601
536

1,055
855
650
737
954
549
485
615
752
780

1,568
3.207
4,900
890
598
589
573
463
525

30
63
53
50
285
124
68
72
209
67
19

117
109
111
772
103
881
72
180
61
250
102
147

14
6
6
6
5
4
5
5
5
5
5
5
5
3
3
3
3
3
3
3
3
3
3

5
22
48
8

126
139
55
20
29
25
25
36
84
100
47
11
6

183
99
63
1

21
5

10
3
19
7
33
77
6
6
12
5
8
22
23
57
5
4
5
30
27
7
0
4
3

14
6
6
6
5
4
5
5
5
5
5
5
5
3
3
3
3
3
3
3
3
3
2

0.0

21.2

143.4
74.3
18.2

1.1
5.1
6.5
42.6

1.8
6.7

9.9

** indicates dolomite well; otherwise well is in outwash or till. SD ™ standard deviation; N - number of samples. First samples for TDS and Cl
taken May 1980 (GIOO-G120), August 1982 (G121-G123), July 1984 (G124-G130). May 1985 (G131-G1S6). Samples of VOCs taken De-
cember 1983 or later; figure cited is sum of average values of 1,1-DCA, 1.2-ns-DCE, 1,2-fraru-DCE, and TCE; thus no single standard deviation
can be cited.

References Cited
Baedecker, M.J., and W. Back, 1979, Hydrogeologkal pro-

cesses and chemical reactions at a landfill: Ground Water,
v. 17, no. 5. p. 429-437.

Blair, J., and G. Young, 1970. Pollution: threat to man's only
home: National Geographic, v. 138, no. 6, p. 737-781.

Booth, C. J., and P. J. Vagt, 1986, Characterization of a land-
fill-derived contaminant plume in glacial and bedrock
aquifers, NE Illinois: Research report 86-202, Water Re-
sources Center, University of Illinois Urbana-Champaign,
87 p.

Fenn, D. G., K. J. Hanley, and T. V. DeGeare, 1975, Use of
the water balance method for predicting leachate genera-
tion from solid waste disposal sites: U.S. Environmental
Protection Agency EPA/530/SW-168, 39 p.

Gebhardt, K., and J. Jankowski, 1987, Preliminary landfill
siting and related analysis using simple modeling tech-
niques: Engineering Geology, v. 23. p. 291-306.

Ham, R. K., 1986, The generation and characteristics of
leachate and gas from sanitary landfills: Testimony pre-
sented to the Illinois Pollution Control Board. January 17,
1986, 37 p.

Hughes, G. M.. R. A. Landon, and R. N. Farvolden. 1971,
Hydrogeology of solid waste disposal sites in northeastern
Illinois: U.S. EPA Grant Report SW-12D, 154 p.

Hughes. G. M., J. A. Schleicher, and K. Cartwright, 1976,
Supplement to the final report on the hydrogeology of
solid waste disposal sites in Northeastern Illinois: Environ-
mental Geology Notes no. 80, ISGS, Urbana, IL, 23 p.

Keller, E. A., 1985, Environmental geology: Columbus, OH,
Merrill, 480 p.

Montgomery, C., 1989, Environmental geology: Dubuque,
1A, Brown, 476 p.

Parsons, F-, P. R. Wood, and J. DeMarco, 1984, Transforma-
tions of tetrachloroethane and tetrachloroethylenc in mi-
crocosms and groundwaier: Journal of the American
Water Works Association, February, p. 56-69.

Rose, S., 1970, Economics of environmental quality: Fortune,
v. 82, no. 2. p. 12-123.

Sasman, R. T., R. J. Schicht, J. R. Gibb, M. O'Hearn, C. R.
Benson, and S. Ludwigs, 1981, Verification of the potential
yield and chemical quality of the shallow dolomite aquifer
in DuPage County, Illinois: Circ. 149, ISWS, Urbana, IL,
46 p.

Schichl, R.J., J. R. Adams, and J. B. Stall, 1976, Water re-
sources, availability, and cost in northeastern Illinois: Rept.
Invs. no. 83. ISWS, Urbana, IL, 90 p.

Schroeder. P. R., J. M. Morgan, T. M. Walski, and A. C.
Gibson, 1984. The hydrologic evaluation of landfill perfor-
mance (HELP) model: EPA/530-SW-84-009, U.S. EPA,
Washington, D.C. 120 p.

Sheaffer. J. R., and L A. Stevens, 1983, Future water: New
York. William Morrow, 269 p.

Thomthwaite, C. W., and J.R. Mather, 1957, Instructions
and tables for computing potential evapotranspiration and
the water balance. Publication in Climatology, v. 10, no. 3,
p. 181-311.

Vagt, P. J., 1987, Characterization of a landfill-derived con-
taminant plume in glacial and bedrock aquifers, DuPage
County, Illinois: PhD dissertation. Northern Illinois Uni-
versity, 309 p.

Zeizel, A. J., W. C. Walton. R. T. Sasman, and T. A. Prickett,
1962, Groundwater resources of DuPage County, Illinois:
Cooperative Groundwater Report no. 2, ISWS/1SGS, Ur-
bana, IL, 103 p.



APPENDIX F

SITE TOPOGRAPHIC MAP



WARZYN

Volume 2 of 5
Planning Document Quality Assurance Project Plan
Project No. 60721 Blackwell Landfill NPL Site

Prepared for:
Forest Preserve District
DuPage County, Illinois

Prepared by:

Warzyn Engineering Inc.
Chicago, Illinois

January 1991



QUALITY ASSURANCE PROJECT PLAN (QAPP)
REMEDIAL INVESTIGATION/FEASIBILITY STUDY

BLACKWELL LANDFILL SITE
DUPAGE COUNTY, ILLINOIS

(January 28, 1991)

Prepared By:

WARZYN ENGINEERING INC.
2100 Corporate Drive

Addison, Illinois 60101

(708)691-5000

APPROVALS: DATE:

PRP Steering Committee Representative

Warzyn Site Project Director

Warzyn Site Project Manager

Warzyn Site Quality Assurance Officer

U.S. EPA Region V, Remedial Project Manager

U.S. EPA, Region V, Quality Assurance Officer



I

I

I

I

I

I

I

INTRODUCTION

The United States Environmental Protection Agency requires that PRP-lead investigations
under CERCLA have an approved Quality Assurance Project Plan (QAPP) covering

environmental measurements. It is the responsibility of the Respondents or the i r
representatives to implement minimum procedures so the accuracy, precision,
completeness and representativeness of data collected are known and documented.

This QAPP presents the organization, objectives, functional activities and specific quality
assurance (QA) and quality control (QC) activities associated with the Remedial
Investigation/Feasibility Study (RI/FS) at the Blackwell Landfill site located in DuPage
County, Illinois. The objective of the RI is to determine the nature and extent of the
contamination at the site in order to support the activities of the FS. The objective of the
FS is to develop and evaluate appropriate remedial action alternatives based on the RI
data.

This QAPP has been prepared using the following guidance documents:

U.S. EPA, December 1980, Interim Guidelines and Specifications for Preparing
Quality Assurance Project Plans, QAMS-005/80.

U.S. EPA, Region V, June 1989, Final Standard Quality Assurance Project Plan
Content Document (aka Q.DOCC).

U.S. EPA, Region V, Content Requirements for Quality Assurance Project Plan
prepared by Cheng-Wen Tsai, QAS, Revised January, 1989.

The planning documents for the RI/FS at the Blackwell Landfill site consist of a QAPP,
a Work Plan (WP), a Field Sampling Plan (FSP), a site specific Health and Safety Plan
(HSP), and a Data Management Plan. Each of the plans has a specific purpose, and

efforts have been made to avoid duplication of focus in the documents. The purpose of
this QAPP is to describe the specific protocols which will be followed for sampling,

sample handling and storage, chain-of-custody, and laboratory (or field) analysis. The

purposes of the other documents are as follows:

The Work Plan presents the background of the site, describes the rationale for
each aspect of the investigation, and specifies the number and locations of
sampling points.

-n-



The Field Sampling Plan describes the details of the field procedures, such as
soil boring procedures, monitoring well construction details, sampling

I techniques, aquifer testing and data analysis methodologies.

[ The Site Specific Health and Safety Plan provides the field personnel with a
description of procedures and personal protective equipment to be used while
conducting the field investigation.

[ • The Data Management Plan, which is an Appendix to the Work Plan, outlines
I the procedures which will ensure the quality and integrity of the data that are

collected and discusses the disposition and handling of the data collected during
f RI/FS tasks.

Each of the documents has been developed in conformance with the appropriate U.S.
i EPA guidance documents.

I
I
I
I
I
1
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SECTION 1
PROJECT DESCRIPTION

1.1 Site Description and Site History
The Blackwell Landfill NPL Site is located within the limits of the Roy. C. Blackwell
Forest Preserve near the intersection of Butterfield and Warrenville Roads in Section 26,
Township 39 North, Range 9 East, DuPage County, Illinois.

The landfill was developed by the DuPage County Forest Preserve District, and covers
approximately 40 acres. Approximately 1.5 million cubic yards of refuse were disposed
of in the landfill over the period 1965 to 1973. The landfill accepted mainly household
refuse, yard wastes, and light industrial wastes. There is no record of hazardous wastes
being disposed of at the Blackwell Site.

The original design of the landfill consisted of a series of overlapping cells, constructed
with clay side berms and liners. Some doubt exists as to how strictly the original design
criteria were adhered to during construction.

Geologic information for the site has been document by soil boring made for the more
than 50 monitoring wells which have been constructed in several previous investigations.
Boring logs exist for each of the monitoring wells, and are included as an Appendix to
the Work Plan. Geologic cross sections have been developed; a generalized section is
included in the Work Plan.

Quarterly groundwater monitoring was initiated '.he site monitor-;; 'veils in 1983; the
analytical parameters included volatile organic compounds and several inorganic water
quality indicators. The sampling procedure was developed in consul ta t ion with
representatives of the IEPA to assure a sampling procedure matching the U.S. EPA
protocols. It included the purg ing each well prior to sampling, col lect ion and
preservation of samples, chain-of-custody procedures, and the col lec t ion of field
duplicates and blanks.
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A total of twenty-one different volatile organic compounds (VOCs) have been detected
in groundwater at the Blackwell site at one time or another, but five have been most
commonly detected:

1,2-Dichloroethane
1,1-Dichloroethane
1,2-Cis-Dichloroethylene
1,2-Tr ans-Dichlor oe thy le ne
Trichloroethylene

Volatile organic concentrations within the groundwater have exhibited stable or
decreasing trends since first sampled in 1983.

The Site was assigned a Hazard Ranking System (HRS) score of 35.57 by the U.S. EPA
in March, 1986. Final listing on the National Priorities List (NPL) occurred on February
21, 1990.

A more detailed description of the site history and background are contained in the
Work Plan.

1.2 Target Compounds
Groundwater, surface water and leachate samples will be analyzed for TCL/TAL
parameters and general water quality parameters consisting of alkal ini ty, chloride,
sulfate, total dissolved solids (TDS), nitrate-t-nitrite nitrogen, ammonia nitrogen and
total kjeldahl nitrogen (TKN). In addition, chemical oxygen demand (COD) will be
analyzed on l ea<_na t e samples. Soil and sediment samples w i l l be analyzed for
TCL/TAL parameters. Water supply wells will be analyzed for low-level detection TCL
volatiles. Parameter lists and associated detection limit requirements are contained in
Appendix A.

1.3 Project Objectives
The purpose of the RI is to gather sufficient information to quantify risk to public health
and environment (Endangerment Assessment) and to develop and evaluate viable
remedial alternatives (Feasibility Study) at the site. The objectives of the RI are to:

• Investigate site physical characteristics,

Identify and quantify contaminant sources, and

• Qualify the nature and extent of contamination.
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All tasks, subtasks and activities are directed toward the accomplishment of these primary
objectives. Refer to the Work Plan for a detailed description of the RI tasks, subtasks and
activities.

A summary of data generating activities, the intended data uses and Data Quality
Objectives (DQOs) for the site investigation are presented in Table 1.

1.4 Sample Network and Rationale
The activities and subtasks related to the field work are described in detail in the Work
Plan. Table 2 (this document) provides a listing of sample types, parameters and estimated
number of samples. Table 3 summarizes sample quantities, containers, preservatives and
packaging information.

1.5 Project Schedule
A schedule of RI/FS activities for the Blackwell Landfill site is summarized in Figure 2.
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1
SECTION 2

I PROJECT ORGANIZATION AND RESPONSIBILITY

1 2.1 Overall Responsibility

1 PRP Steering Committee Representative
• Richard Utt

DuPage County Forest Preserve District
[ DuPage County, Illinois

I U.S. EPA Remedial Project Manager
• Robert Lance

I
U.S. EPA Region V
Chicago, Illinois

J PRP Project Director
• Daniel Hall, CPGS

| Warzyn Engineering Inc.
Madison, Wisconsin

I PRP Project Manager
:% • Peter Vagt, Ph.D.

! Warzyn Engineering Inc.
Chicago, Illinois

Quality Assurance Officer (QAO)

J Gary Parker
Warzyn Engineering Inc.
Chicago, Illinois

RI/FS Reports and technical memoranda prepared by Warzyn Engineering
1 Inc., Chicago, Illinois.

I

I

I
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2.2 Monitoring and Sampling Operations and OC

Principal Engineering Firm - Warzyn Engineering Inc., Chicago, IL
Drilling - To be determined through bidding process.

• Sampling, Monitoring and Survey - Warzyn Engineering Inc., Chicago, IL
• On Site Day-to-day Field Activities - Field Team Leader, Warzyn Engineering,

Inc., Chicago, IL
Quality Control - QAO, Warzyn Engineering Inc., Chicago, IL

2.3 Laboratory Analyses and OC

• Analysis of groundwater, surface water, sediments and leachate samples for Target
Compound List (TCL) organics and analysis of water supply wells for low level
TCL volatiles using Contract Laboratory Program (CLP) protocols (see Appendix
A for the analyte list):

Compuchem
3308 Chapel Hill/Nelson Hwy.
Research Triangle Park, NC 27709

Analysis of groundwater, surface water, sediment and leachate samples for Target
Analyte List (TAL) inorganics using CLP protocols (see Appendix A for analyte
list):

Warzyn Engineering Inc.
One Science Court
Madison, Wisconsin 53711

Analysis of groundwater, surface water and leachate samples for general water
quality indicator parameters inc luding a l k a l i n i t y , ch lo r ide , s u l f a t e , TDS,
nitrate-(-nitrite nitrogen, ammonia nitrogen and TKN using procedures specified in
Appendix B-l. Leachate samples will also be analyzed for COD us ing the



I Quality Assurance Project Plan Page 6 of 29
Blackwell Landfill Site RI/FS REVISION: Final

Date: January 28, 1991

I
procedure found in Appendix B-l.

Warzyn Engineering Inc.
I One Science Court

Madison, Wisconsin 53711

I • Analysis of soil samples for grain size distribution using the procedure specified in
Appendix B-3.

EWI Engineering Inc.
I 505 Science Court

Madison, Wisconsin 53711

I • Analysis of landfill gas samples for Volatile Organic Compounds (VOCs) using the
procedure specified in Appendix B-4.

Enseco, Inc. - Air Toxics Laboratory
I 9537 Telstar Ave., Suite 118
* El Monte, CA 91731

1 2.4 Specialized Responsibility for Laboratory Analyses

I ~ • Compuchem Laboratory Data
Analytical protocol specified - Warzyn Engineering Inc., Madison, WI

I • Review of analytical protocol - Compuchem, Research Triangle Park, NC
Review of analytical protocol - U.S. EPA Region V Quality Assurance Section

I (QAS) and Central Regional Laboratory (CRL), Chicago, IL
Internal QA/QC - Compuchem, Research Triangle Park, NC
Final data review and validation - Staff chemist, Warzyn Engineering Inc.,

J Madison, WI
Review of tentat ively identified compounds and assessment of need" for

I * confirmation - Staff chemist, Warzyn Engineering Inc., Madison, WI

i

I

I



1 Quality Assurance Project Plan Page 7 of 29
Blackwell Landfill Site RI/FS REVISION: Final

Date: January 28, 1991

I
. • Warzyn Laboratory Data
[ • Review of analytical specifications - U.S. EPA Region V QAS and CRL,

Chicago, IL
I • Internal QA/QC - Warzyn Engineering Inc., Madison, WI

Final data review and validation - Staff chemist, Warzyn Engineering Inc.,
I Madison, WI

• EWI Engineering Data
I • Review of analytical specifications - U.S. EPA Region V QAS and CRL,

Chicago, IL
I ... • Internal QA/QC - EWI Engineering Inc., Madison, WI

_ • Final data review - Staff chemist, Warzyn Engineering Inc., Madison, WI

• • Enseco Laboratory Data
• Review of analytical specifications - U.S. EPA Region V QAS and CRL,

j Chicago, IL
• Internal QA/QC - Enseco, El Monte, CA

J • Final data review and validation - Staff chemist, Warzyn Engineering Inc.,
* Madison, WI

i 2.5 Quality Assurance
~-'it,

j • Overall QA Responsibility - QAO, Warzyn Engineering Inc., Chicago, IL
QA for Warzyn Subcontracted Activities - Warzyn Engineering Inc., Madison, WI

j • Review of QAPP - U.S. EPA Region V QAS and CRL, Chicago, IL
• Field Analyses - Warzyn Engineering Inc., Madison, WI

1 2.6 Performance and Systems Audits

j • Field Operations
Internal Audits - QAO, Warzyn Engineering Inc., Madison, WI

I External Audits - U.S. EPA Region V CRL and Central District Office (CDO),
Chicago, IL

1

1

I
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I
• Analytical Laboratories

COMPUCHEM
I Internal Audits - Laboratory QAO, Compuchem, Research Triangle Park, NC
' External Audits - U.S. EPA Region V CRL, Chicago, IL

I WARZYN ENGINEERING INC.
Internal Audits - Laboratory QAO, Madison, WI

[ External Audits - U.S. EPA Region V CRL, Chicago, IL

I ENSECO
* Internal Audits - Laboratory QAO, El Monte, CA
• External Audits - U.S. EPA Region V CRL, Chicago, IL

Final Evidence File Audits - QAO, Warzyn Engineering Inc., Chicago, IL

An organizational chart is provided in Figure 4.

I

1

I

1

I

I

I

1

1

I
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SECTION 3
QUALITY ASSURANCE OBJECTIVES FOR MEASUREMENT DATA

IN TERMS OF PRECISION. ACCURACY. COMPLETENESS.
REPRESENTATIVENESS AND COMPARABILITY

The purpose of this section is to address the objectives of accuracy, precision,
completeness, representativeness and comparability. Precision and accuracy are criteria
for which quantitative limits can be developed. Precision describes the degree to which
data generated from replicate or repetitive measurements differ. Accuracy is defined as
the difference between the value of the reported data and the true value of the
parameter being measured, and is assessed through the analysis of blanks, spikes,
calibration standards and re ference standards. The QA objective with respect to
precision and accuracy is to achieve the established limits for the analyses required.
Representativeness, completeness and comparability are qualitative criteria used to
determine the degree to which sample data accurately represent the site.

The overall quality assurance (QA) objectives are to implement field sampling, chain-of-
custody, and quality control reporting procedures that will provide legally defensible data
from laboratory analyses in a court of law. Field analyses are being made primarily to
aid in site selection for more detailed observations and analyses. Quality control
objectives for these data, as well as those collected for health and safety purposes, are to
obtain reproducible data consistent with limitations imposed by measurement methods
used.

Specific procedures to be used for sampling, chain-of-custody, calibration, labc.-.^ry
analyses, data reporting, internal quality control, audits, preventative maintenance, and
corrective actions are described in other sections of this QAPP. This section (3.0)
defines goals for the QC effort (accuracy, precision, and sensitivity of analyses and
completeness, representa t iveness , and c o m p a r a b i l i t y ) for da ta f rom ana ly t i ca l
laboratories and presents quality control objectives for field measurements. A summary
of data generating activities and associated data quality objectives is provided in Table 1.
A summary of QC requirements for the analyses performed is provided in Table 4.
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3.1 Level of Quality Control Effort

3.1.1 Field Sampling Program
The quality of data from the field sampling program for laboratory analyses will be
evaluated through the collection of field duplicates, field blanks and trip blanks. Bottle
blanks will also be analyzed and will serve as a check for bottle contamination.

Duplicates will be used to assess the combined effects of sample collection, handling and
analysis on data precision. The general level of effort for all matrices will be one field
duplicate per 10 or fewer investigative samples.

Bottle blanks will be collected at a frequency of one per group of 100 or fewer samples in
each bottle QC lot and will serve as a check for contamination in the sample containers.
The bottle blank, to be prepared in the laboratory, will consist of deionized water poured
into the bottle with the appropriate preservative added. The QC lot number will be
clearly identified for each bottle blank. Pre-cleaned bottles will be purchased from I-
Chem Research and Eagle Picher Environmental Services. The cleaning procedures
used will be in accordance with the EPA document: "Specifications and Guidance for the
Preparation of Contaminant-Free Sample Containers", U.S. EPA, April 1989.

Pre-cleaned SUMMA passivated canisters (6-liter) will be provided to the sampling
personnel by Enseco. The procedure used for cleaning the canisters is found in
Appendix B-4. One canister from each batch of 8 canisters is analyzed to check the
effectiveness of the cleaning procedure. The batch is considered acceptable if target
compounds were not detected above 0.2ppbv.

Where appropriate, field blanks will be collected at a frequency of one per group of 10
or fewer samples per aqueous matrix per day. Field blank samples will serve as a check
for procedural contaminat ion or ambient conditions at the site that may result in
apparent contamination of samples. Field blanks for samples not requiring fil tration,
will consist of deionized water passed through decontaminated sampling equipment.
Field blanks for samples requiring filtration will consist of deionized water passed
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through decontaminated sampling equipment and filtering apparatus.

A trip blank (two 40 mL VOA vials fil led with deionized water and preservative) will be
included with each shipment of samples for volatile analysis. Trip blanks for water
supply wells will consist of four 40 mL VOA vials filled with deionized water and
preservative. A shipment is to be considered a shipping unit, i.e. a single cooler. The
purpose of a trip blank is to assess cross contamination in the shipment cooler of samples
targeted for volatile organic analysis. The trip blank will be prepared in the laboratory
and will remain sealed during sampling activities. All trip blank samples collected will
be analyzed.

For organics analyses, extra sample volume is required for matrix spike/matrix spike
duplicate (MS/MSD) analyses at a frequency of one per group of twenty or fewer
investigative samples. Extra volume for TCL organics MS/MSD quality control (QC)
requirement consists of: triple volume for VOCs and double volume for semi-volatiles
and pesticides/PCBs.

3.1.2 Laboratory Analyses
Compuchem. Analysis of groundwater, surface water, leachate and sediment samples for
TCL organics (see Appendix A for analyte list) will be performed by Compuchem using
CLP protocols. Levels of QC effort for these analyses are described in the CLP
Statement of Work SOW 2/88 (or most current). Additional volumes will be collected in
the field for the MS/MSD analyses at a frequency of one per twenty investigative
samples.

Analysis of water supply wells for low level TCL volatiles (see Appendix A for analyte
list) will be performed by Compuchem using CLP protocols. Levels of QC effort for
these analyses are described in the procedure specified in Appendix B-2, which provides
for low level detection limits. Additional volumes will be collected in the field for the
MS/MSD analyses at a frequency of one per twenty investigative samples.

Warzyn. Analysis of samples for TAL inorganics (see Appendix A for analyte list) will
be performed by Warzyn using CLP protocols. Levels of QC effort for these analyses are
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described in the CLP Statement of Work SOW 7/88 (or most current).

Analyses for general water quality indicator parameters (see Appendix A for analyte list)
will be performed by Warzyn using methods specified in Appendix B-l. QC
requirements include, where applicable, matrix spikes, laboratory duplicates, blanks,
calibration check standards, and EPA reference samples. Required frequencies and
acceptance limits are also summarized in Appendix B-l.

EWI Engineering. Analysis of soil samples for gram size distribution will be performed
by EWI using the procedure specified in Appendix B-3. Level of QC effort will be

limited to duplicate analyses.

Enseco. Analysis of landf i l l gas samples for VOCs using procedure specified in
Appendix B-4. QC requirements include blanks and calibration check standards. Field
duplicates will be collected and will be used to assess precision.

3.1.3 Field Measurements
pH. Level of QC effort for the field measurement of pH will consist of precalibration
using two certified buffer solutions, calibration checks at a frequency of every ten or
fewer samples, and duplicate analyses at a frequency of one per ten or fewer samples as
outlined in Appendix C-l.

Specific Conductance. Level of QC effort for specific conductance measurements will
consist of initial and continuing calibration checks at a frequency of every ten or fewer
samples and duplicate analyses at a frequency of one per ten or fewer samples as
outlined in Appendix C-2.

Water Elevation. Water elevations will be measured using an electronic water level
indicator or a steel tape with a sounding device. Both devices make an audible sound in
contact with liquid and will be used as a basis for measuring depth to groundwater.
Quality control will be limited to averaging repeated measurements at each location.
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3.2 Accuracy. Precision and Sensitivity of Analyses
The QA objectives for laboratory and field analyses with respect to accuracy, precision
and sensitivity are to achieve acceptable data based on specified performance criteria.
Precision of laboratory and field analyses is judged from results obtained from duplicate
analyses. A method specific, minimum relative percent difference (RPD) (see Section
12 for definition) will be used for assessing data quality. Data accuracy will be assessed
from results of U.S. EPA reference samples, check standards, blanks and matrix spike
analyses. A minimum percent recovery (see Section 12 for definition) will be used for
assessing data quality.

3.2.1 Laboratory Analyses
Accuracy and precision requirements for TCL organics are described in the CLP
Statement of Work 3/90 (or most current). TAL inorganics accuracy and precision
requirements are described in the CLP Statement of Work 7/88 (or most current). The
required quantitation limits for the TCL/TAL parameters are summarized in Appendix
A.

Accuracy and precision requirements for low level TCL volatiles, indicator parameters
and landfill gas VOCs are summarized in Table 4. The required quantitation l imits are
summarized in Appendix A.

3.2.2 Field Sampling Program
In addition to laboratory QC samples, field QC samples will also be collected. These
will include both duplicate and blank samples. Variabil i ty in duplicate samples will
reflect combined effects of both sampling and analytical error. No project specific
maximum RPD has been set for field duplicate samples. Blank samples (field, t r ip and
bottle blanks) will be used to assess cross contamination associated with sampling
activit ies. No project specif ic maximum for results of blank samples has been
established, however, blank data will be evaluated to determine what affect, if any, the
data may have on the investigative samples.
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3.2.3 Field Measurements
Accuracy of field measured pH will be judged from agreement of instrument readings
with certified standard buffer solutions. Agreement with standards will be within 5% of
the expected values, or the unit will be replaced. Precision will be measured by making
duplicate readings of samples at least every 10 samples.

Accuracy of the conductivity meter will be assured by calibration checks with a standard
of known concentration. If readings vary more than 5% from expected values, the unit
will be replaced. Precision will be measured by making duplicate readings of samples at
least every 10 samples.

Data needs for geophysical measurements require the ability to detect differences on a
consistent relative scale. Hence, in most cases, an absolute calibration is not required.
However, where applicable, instruments will be calibrated prior to use or be checked
using manufacturer's suggested test procedures to monitor proper and consistent
operation.

3.3 Completeness. Representativeness and Comparability
Completeness is defined as the proportion of data collected that meet project specific
acceptance criteria. It is anticipated that at least 95% of the data collected will meet
acceptance criteria. If required performance cri teria are not met by performing
laboratories, they will reanalyze samples if holding times permit. If holding times are
exceeded, the performing laboratory will inform the Warzyn project manager as soon as
possible, so that a decision can be made whether to resample or to accept the data with
limitations. The method of calculation for completeness is discussed in Section 12.

Sampling, preservation and analysis methods are designed to provide analysis results that
are representative of the sample matrix at the point of collection. Warzyn recognizes the
potential for considerable spatial heterogeneity in parameters measured at the site.
Hence, the degree to which the sampled locations represent the population of all
potential sampling points cannot be stated precisely. Consequently, no quantitative
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expression of representativeness is proposed.

The analytical methods used are expected to provide data of comparable or greater
quality with that previously collected and that which may be collected in subsequent
project phases. Although data proposed for collection are judged to be of acceptable
comparability, no quantitative expression of comparability is proposed.
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I
SECTION 4

I SAMPLING PROCEDURES

A Field Sampling Plan (FSP) has been prepared and is included with this submittal. The
I FSP contains sampling procedures and includes the following:

I • Detailed procedures for the collection of samples for the required parameters;

• Detailed procedures for sample packaging, handling and shipment;

I • Summary of sample container, reagent, preservative and hold time requirements;

Chain-of-custody procedures;

I • Detailed procedures for preparation/collection of trip blanks and field blanks;

1 Documentation requirements of sampling activities (use of field log books, field
measurement forms, etc.); and

• Summary of the sampling and analysis program.

1 Refer to Table 2 for sampling and analysis program and Table 3 for summaries of sample
quantities, containers, preservatives, and packaging requirements.

1

I

I

I

I

1

I
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SECTION 5
SAMPLE CUSTODY AND DOCUMENTATION

5.1 Chain-of-Custodv Procedure for Field Activities
All samples will be collected under chain-of-custody procedures which will include the
use of chain-of-custody forms, sample labels, sample tags, custody seals, sample
identification records and field notebooks. Standard forms and field notebooks are to be
maintained throughout the RI/FS sampling activities. Field notebooks shall include
information pertinent to the sampling episode. Field notebooks shall include, but not be
limited to sampling location and time, field measurements, weather conditions and
sampling equipment used. Refer to the "Field Custody" and 'Transfer of Custody and
Shipment" sections of the Warzyn Chain-of-Custody Procedure found in Appendix D.

An example of the chain-of-custody form to be used is shown in Figure 5. Requirements
are as follows:

Complete custody form as described in the above-mentioned procedure for all
samples collected.

• Completed forms must be specific to a shipping container.
The carrier service does not need to sign the form if custody seals remain intact
during shipment. (Note carrier and air bill number of the cham-of-custody.)
Sample designations must be in accordance with the FSP.

Chain-of-custody seals are to be used for sample shipping. An example is shown in Figure
6. Seal requirements are as follows:

• Two (2) chain-pf-custody seals are required per shipping container to secure the lid
and provide evidence that the samples within have not been tampered with.
Cover seals with clear tape prior to shipping sample containers.
Record seal numbers on the chain-of-custody forms as wel l as the sample
identification record forms.

A copy of the sample label to be used is shown in Figure 7. Label requirements are as
follows:

Each sample container must have a completed sample label affixed to it.
Use for all samples.
Use waterproof ink, unless prohibited by weather conditions.
Record bottle tag number on sample label.
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An example of a sample tag is shown in Figure 8. Sample tag requirements are as follows:

Each sample container must have a completed sample tag affixed to it.
Record sample tag numbers on the cha in -o f - cus tody form and sample
identification record form.
Use for all samples.
Use waterproof ink, unless prohibited by weather conditions.

An example of the Sample Identification Record Form to be used is shown in Figure 3.
This form will provide means of recording crucial shipping and tracking information and
will include such information as:

Sample matrix
Sample number
Sample location code
Sample round
Laboratory code
Sample tag number(s)
Chain-of-custody number
Date sampled
Date shipped
Airbill number

The documentation accompanying the samples shipped to the laboratory will be sealed in a
plastic bag and taped to the inside of the cooler lid. The lid of the shipping container will
be securely taped shut prior to shipment. Once in the laboratory's possession, sample
custody will be the responsibility of the laboratory sample custodian.

Original field notes and field documents will be retained by Warzyn in a final evidence file.

5.2 Chain-of-Custody Procedure for Laboratory Analysis

Internal chain-of-custody procedures for Compiichem, Warzyn and Enseco are provided in
Appendix D. Chain-of-custody forms, sample tags, data package and pertinent laboratory
records shall be forwarded to Warzyn's final evidence file as permanent documentation of
the analytical activities.

5.3 Final Evidence File
The format, contents and maintenance of Warzyn's final evidence file are provided in
Appendix E. The file custodian will be responsible for the maintenance of the file, while
Warzyn's Quality Assurance Officer will be responsible for auditing the file.
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SECTION 6
CALIBRATION PROCEDURES AND FREQUENCY

6.1 Field Calibration
Calibration of pH and specific conductance meters are detailed in Appendices C-l and
C-2. The pH meter will be calibrated using certified buffer solutions. The specific
conductance meter will be calibrated using a standard of known conductivity.

6.2 Laboratory Calibration
Procedures for the calibration and maintenance of measurement instruments must be
established and maintained to ensure that equipment is functioning properly and that
data collected are accurate and reliable. Requirements include step-by-step calibration
procedures, frequency of re-calibration, equipment maintenance logs, instrument
accuracy criteria, corrective action procedures and equipment limitations (e.g. working
ranges), and are described, in detail, in the Standard Operating Procedures (SOPs)
referenced below.

Procedures and frequency of instrument calibration for the indicator parameters are
detailed in the SOPs found in Appendix B-l; for TCL organics, refer to the CLP
Statement of Work SOW 2/88 (or most current); for low level TCL volatiles, refer to the
procedure detailed in Appendix B-2; and for TAL inorganics, re fe r to the CLP
Statement of Work SOW 7/88 (or most current).

Procedures and frequency of instrument calibration for VOC analysis of gas samples are
detailed in the SOP found in Appendix B-4.
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SECTION 7
ANALYTICAL PROCEDURES

7.1 Laboratory Analytical Procedures
COMPUCHEM
Groundwater, surface water, leachate and sediment samples analyzed by Compuchem
for TCL volatiles, semi-volatiles, and pesticides/PCBs (see Appendix A for analyte list)
will follow CLP protocols as outlined in the CLP Statement of Work SOW 2/88 (or most
current).

Water supply samples analyzed by Compuchem for low level TCL volatiles (see
Appendix A for analyte list) will follow the procedure outlined in Appendix B-2.

WARZYN
Groundwater, surface water, leachate and sediment samples analyzed by Warzyn for
TAL inorganic parameters (see Appendix A for analyte list) will follow CLP protocols
outlined in the CLP Statement of Work SOW 7/88 (or most current).

Groundwater, surface water, leachate and water supply samples analyzed by Warzyn for
general water qual i ty parameters (see Appendix A for analyte l is t ) wi l l fol low the
procedures outlined in Appendix B-l.

EWI ENGINEERING
Soil samples analyzed by EWI for grain size distribution will follow the procedure
outlined in Appendix B-3.

ENSECO
Landfill gas samples will be collected from landfill vents and analyzed for VOCs using
the procedure outlined in Appendix B-4.

7.2 Field Analytical Procedures
WARZYN
Gi oundwater, surface water, leachate and water supply samples analyzed for field pH
and specific conductance will follow the procedures as outlined in Appendices C-l and

C-2.
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- SECTION 8
INTERNAL QUALITY CONTROL CHECK

8.1 Field
Required quality control checks for field measurements (pH and specific conductance)
are summarized in Appendices C-l and C-2. They include continuing calibration checks
and duplicates analyses. Field quality control samples and their required frequency are
specified in the FSP. Field quality control will include field blanks, trip blanks, bottle
blanks and field duplicates.

8.2 Laboratory
Internal quality control procedures are an integral part of the analytical methods, and
are discussed in detail within the analytical procedures. The overall objectives of the
internal quality control checks are to verify the established precision, accuracy and
integrity of the methodology and to support the technical validity of the data. Where
appropriate, internal quality control checks for other than CLP protocol analyses will
include method blanks, preparation/reagent blanks, calibration check samples,
laboratory duplicates, matrix spikes and continuing calibration standards.

The required quality control frequency and performance criteria for TCL organics are
summarized in the CLP Statement of Work SOW 2/88 (or most current). Low level
TCL volatile QC requirements are summarized in the procedure found in Appendix B-2.
QC requirements for TAL inorganics are summarized in the CLP Statement of Work
SOW 7/88 (or most current).

QC requirements for the general water quality indicator parameters are summarized in
Appendix B-l. The required QC frequency and performance criteria for the VOC
analysis of gas samples is summarized in the procedure found in Appendix B-4.
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SECTION 9
DATA REDUCTION. VALIDATION AND REPORTING

9.1 Laboratory Analyses

Compuchem - TCL Organics using CLP Protocols
Specific procedures for identification, quantification, data reporting and required data
deliverables for the TCL organics are covered in the CLP Statement of Work SOW 2/88
(or most current). Validation of the data will be performed by Warzyn using Laboratory
Data Validation Functional Guidelines for Evaluating Organics Analyses, February,
1988.

Compuchem - Low Level TCL Volatiles
Requirements for identification, quantification, data reporting and required data
deliverables for the low level TCL volatiles will follow those in the CLP Statement of
Work SOW 2/88 (or most current). Validation of the data will be performed by Warzyn
using Laboratory Data Validation Functional Guidelines for Evaluating Organics
Analyses, February, 1988 in conjunction with the quality control criteria and detection
limit requirements specified within the procedure found in Appendix B-2.

Warzyn - TAL Inorganics using CLP Protocols
Specific procedures for quantification are documented in the methods found in
Appendix B. Data reporting and required data deliverables for the TAL Inorganics are
covered in the CLP Statement of Work SOW 7/88 (or most current). Data validation
will be performed by Warzyn using Laboratory Data Validation Functional Guidelines
for Evaluating Inorganics Analyses, July, 1988.

Warzyn - General Water Quali ty Indicator Parameters
Specific procedures for the quant i f ica t ion of the general water q u a l i t y i nd i ca to r
parameters are documented in the methods found in Appendix B-l. Deliverables for the
indicators will include, where applicable, raw data, strip charts, results of calibration
standards, duplicates, blanks, matrix spikes and performance evaluation samples. Data
validation will be performed by Warzyn using the Data Validation procedure found in
Appendix G in conjunction with the performance criteria tabulated in Table 4.
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Enseco - Analysis of Gas Samples for VOCs
The specific procedure for the quantification of VOCs are documented in the method
found in Appendix B-4. Deliverables for this analysis will include, where applicable, all
raw data, instrument printouts and chromatograms, results of calibration standards,
duplicates and blanks. Data will be validated by Warzyn using the performance criteria
summarized in Table 4 and the Laboratory Data Validation Functional Guidelines for
Evaluating Organics Analyses, February, 1988.

9.2 Field Analyses
Field pH and Specific Conductance
Field pH and specific conductance data will be summarized, along with the calibration
verification and duplicate data on field sheets (see Figure 9). All specific conductance
data will be corrected to 25 degrees centigrade, as described in the procedure found in
Appendix C-2. No formal validation process will be performed, as this data is to be used
for screening purposes only, however, the data will be reviewed by the field team leader
to ensure procedures were being followed and QC requirements were met.

9.3 Field Sampling
Field duplicates will be collected at the appropriate frequencies noted in the FSP. The
validation procedures described in section 9.1 of this QAPP address field duplicates and
how they will be evaluated. Field blanks, trip blanks and bottle blanks will be collected
at the appropriate frequencies noted in the FSP. Data quality will be assessed using the
same criteria described in the validation procedures in Section 9.1 for method blanks.
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SECTION 10
PERFORMANCE AND SYSTEM AUDITS

External Audits
The U.S. EPA Region V CRL wi l l audi t performing laborator ies and provide
recommendations for approval of the laboratory for the requested analyses to the U.S.
EPA RPM. The audit may consist of a review of analytical and chain-of-custody
procedures, evaluation of performance samples, and may also include an on-site audit of
each participating laboratory.

The responsibility of external audits of field activities will include audits conducted by
the EPA Region V CRL and CDO.

Internal Audits
The purpose of the internal laboratory audit is to evaluate and document adherence to
analytical procedures described in this QAPP. Internal audits of field and laboratory
activities are the responsibility of Warzyn. Internal audits of Warzyn, Compuchem and
Enseco will be performed at the frequency specified in the internal audit procedure
found in Appendix F. Internal audits of the other participating laboratories will be the
responsibility of the individual laboratory. Data validation of the data received, along
with the external audit performed by the U.S. EPA Region V CRL will provide sufficient
information to document and evaluate adherence to analytical procedures.

Internal field audits will be accomplished through unannounced site visits. The purpose
of the field audit will be to evaluate and documei.. ^Jherence to pro*.-.!..res described in
the QAPP. The audit will include review of field activities, sample tags, chain-of-custody
forms, field notebooks and sampling and decontamination act ivi t ies . The a u d i t
procedure to be performed at a frequency of a minimum of one per project phase is
included in Appendix F.

A summary of the audit results will be included in scheduled progress reports.
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SECTION 11
PREVENTATIVE MAINTENANCE

Preventative maintenance procedures for field instrumentation including pH, specific

conductance are detailed in the instrument manuals found in Appendices C-l and C-2
Field instruments will be checked and calibrated daily. Batteries will be checked and
recharged as necessary. Spare parts (batteries, etc.) will be kept on-site to minimize
"down time" of the field instruments.

Maintenance procedures for laboratory instrumentation and equipment for TCL
organics (including low level TCL volatiles) are referenced in the CLP Statement of
Work SOW 2/88 (or most current). Preventative maintenance procedures for laboratory
instrumentation and equipment for TAL inorganics are referenced in the CLP Statement
of Work SOW 7/88 (or most current).

Preventative maintenance of laboratory instruments associated with the indicator
parameters will be as directed in factory manuals, instrument operating procedures, and
analytical methods. Periodic maintenance by factory representatives will be performed.
Daily logs documenting use and maintenance activities are kept for each analytical
instrument. Refer to Appendix H for Warzyn's preventative maintenance SOP.

Preventative maintenance procedures for laboratory instrumentation and equipment for
the VOC analysis fo the gas samples are found in Appendix B-4.
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I
SECTION 12
URES USED

ACCURACY. AND COMPLETENESS
I SPECIFIC ROUTINE PROCEDURES USED TO ASSESS DATA PRECISION.

I Assessment of accuracy, precision and completeness for analyses based on CLP protocols
will follow specifications stated in the CLP Statement of Work. Accuracy and precision

{ definitions for analysis of general water quality indicator parameters and TOC are
specified in the method descriptions found in Appendices B and C.

I Assessment of accuracy precision and completeness of analytical data is based on the
acceptable results of QC samples. Where appropriate, these include blanks, duplicate

I samples, laboratory control spikes and matrix spike duplicates.

Method, field, trip blank and bottle blank results are expected to provide a measured
value that is less than or equal to the reported detection limit.

I Field and laboratory duplicate sample results are assessed based on relative percent
difference (RPD) between values, using the following equation:

' [Dl - D2]
RPD = X 100

f (Dl + D2)/2

-». where, Dl = first sample value
• ,^. D2 = Second sample value (duplicate)

Laboratory control spike results are assessed hased on the percent recovery (%R) of
J fortified analytes. Percent recovery is calculated using the following equation:

• Qd
X100

Qa

where, Qd = Quantity determined by analysis
Qa = Quanti ty added to sample.

Matrix spike/matrix spike duplicate data are assessed based on %R of fortif ied analytes
using the following equation:



{ Quality Assurance Project Plan Page 27 of 29
Blackwel! Landfill Site RI/FS REVISION: Final

Date: January 28, 1991

I

[ (SSR - SR)
%R = - X 100

f SA

*- where, SSR = Spike Sample Result
SR = Sample Result

I SA = Spike Added

Relative percent difference (RPD) between matrix spike and matrix spike duplicate is
I calculated using the same equation for RPD described above.

Data completeness is the percentage of data meeting acceptance criteria. It is calculated
using the following equation:I

Completeness = —- X 100

II where, Nj = Number of Acceptable Observations
N2 = Total Number of Observations Required or Expected Under Normal

• Conditions

I

I

1

I

I

I

1

I

I
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SECTION 13
CORRECTIVE ACTION

Corrective action must be initiated whenever a system is out of control. If quality control
audits (laboratory or field) result in detection of unacceptable conditions or data, steps
of recommending, approving and implementing corrective action must be taken.
Corrective action may include instrument recalibration or replacement, reanalysis or
resampling. Appropriate personnel must be involved in approving and implementing the
corrective action.

Corrective action for the analytical laboratories (Warzyn, Compuchem and Enseco) is
addressed in the laboratory audit procedures found in Appendix F. Any problems which
cannot be resolved at the laboratory level by the analyst, supervisor or laboratory QAO,
will be brought to the attention of the Warzyn Project Manager. The Warzyn Project
Manager and U.S. EPA RPM will determine what corrective action, if any, will be taken.
Corrective action my include, but is not limited to, recalibration, reanalysis, qualification
of data or resampling.

If problems arise in the field which cannot be resolved at the field supervisory level, the
situation will be brought to the attention of the Warzyn Project Manager. The Warzyn
Project Manager and U.S. EPA RPM will determine what corrective action, if any, will
be required.
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SECTION 14
QUALITY ASSURANCE REPORTS TO MANAGEMENT

Reports will be submitted to the U.S. EPA as described in Section 7 of the Work Plan.
Monthly progress reports submitted to U.S. EPA will include a summary of the qualified
sampling and analysis activities for the month and will highlight any QA problems
associated with field or laboratory activities, as well as any corrective action proposed or
already taken. Technical memoranda will be prepared to describe the procedures used
to collect the data, and will present the data. The final RI report will contain separate
sections that will summarize the data quality.

I
1
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TABLE 1
SUMMARY OF DATA GENERATING ACTIVITIES AND ASSOCIATED DATA QUALITY OBJECTIVES

BLACKWELL LANDFILL SITE

:TIVITY TASK DESCRIPTION

:FINELNATURE AND EXTENT OF CONTAMINATION
>nfining L a y e r I C o n d u c t sfiallow
ipping ?eismic investigation;

make auger probes to
bedrock southwest of
landfill.

>il Sampling

jrface Water
/drology

jrface Water/
sdinent Sampling

anitoring Well
anstruction 5

roundwater Sampling 6

qulfer Tests

Conduct soil sampling
In areas of past
leachate seeps.

Water Level Measurements
and Piezometer
Installation

Surface water and sed-
iment samples taken at
locations on Silver,
Swim and Supply Lakes
and Springbrook.

Installation of 2
additional monitoring
well nests (total of
4 monitoring wells).

Sampling of 21 existing
and the 4 new monitoring
wells. Measurement of
water levels four times
during the investigation,

Collection of 2 soil
samples at each new
monitoring well nest
location. Samples will
represent the upper
aquifer and material
directly overlying the
bedrock.

INTENDED DATA USAGES

Determine the depth to
the bedrock surface and de-
lineate the existence of the
clay confining layer 1n the
area west of the landfill.

To characterize any soil
contamination resulting from
past leachate seeps.

To better define the
Interactions between surface
water anc groundwater.

To document surface water
quality surrounding the site
and to evaluate the potential
contamination effects of
discharging groundwater on
bottom sediments in surface
water bodies surrounding the
site.

To better define the "window"
where the clay layer may be
missing and allowing migration
between the upper and lower
aquifers.

To evaluate potential ground-
water flow paths, assess the
groundwater contamination
migration pathway, and to
characterize the groundwater
quality.

The upper aquifer samples
will be used to assess the
upper aquifer material.
The material directly over the
bedrock will be used to assess
the retardatlve nature of the
material and assess Its po-
tential to act as an aquitard.

ANALYSIS PARAMETERS

Analysis of soil samples
for TCL and TAL
parameters.

Analysis of surface
water samples for TCL,
TAL, Indicators and field
pH and conductivity.
Analysis of
sediments for TCL and
TAL parameters.

DATA QUALITY OBJECTIVE
(ANALYTICAL LEVEL)

Level I Data

Level IV Data for TCL, TAL

Level I Data

Level IV Data for TCL, TAL
Level III Data for Indicators
Level I Data for pH and
conductivity.

ANTICIPATED NO. OF
INVESTIGATIVE

SAMPLES

8 Surface Water
8 Sediments

Analysis of groundwater
samples for TCL, TAL,
indicators and field pH
and conductivity.

Analysis of soil samples
for grain size
distribution.

Level IV Data for TCL, TAL
Level III Data for Indicators
Level 1 Data for pH and
conductivity.

Level III Data

25 Groundwaters

4 Soil Borings



TABLE 1
(CONTINUED)

TASK DESCRIPTION INTENDED DATA USAGES

EF1NE NATURE AND EXTENT OF CONTAMINATION (CONTINUED)
eteorological Data
ollection 8 Collection of daily

temperature, precipita-
tion, wind direction and
wind velocity data.

.dditlonal Water
evel Measurements 9

later Supply Sampling 9

Precipitation records will
represent the original source
of groundwater, surface water
and leachate. Wind directions
and velocity data will be used
construct wind rose diagrams
and will represent probable
air Migration routes front the
site.

Water levels collected To verify the hydraulic
at lower aquifer monitor- gradient of the lower aquifer.
ing wells.

Sampling of 26 water
supply wells.

To characterize the water
quality and detemine if
water supply wells have been
affected by the contaminant
plume.

ANALYSIS PARAMETERS
DATA QUALITY OBJECTIVE

(ANALYTICAL LEVEL)

ANTICIPATED NO. OF
INVESTIGATIVE

SAMPLES

Analysis of water supply
wells for VOCs with
low level detection
limit requirements.

Level V Data for VOCs 26 Water Supply
Wells

DENT1FY AND QUANTIFY SOURCES OF CONTAMINATION
eachate V o l u m e 1 & - i / L e a c h a t e level
valuation Measurements at all

headwells six tines
during the
investigation.

.andfill Leachate
Sampling

.andfill Gas
Sampling

721QAPP01TABLE1
1/25/91FINAL

of 4 leachate
headwells.

tl Sampling of 2 high flow
vents. Measurement of
gas flow volume from 24
neadwelI/vents.

To estimate leachate
volume and generation
rate.

To Identify the character-
istics of the leachate within
the landfill.

To provide an indication of
gas production in various
areas of the site. To
characterize the landfill gas
and to provide for modeling of
probable air migration.

Analysis of leachate
samples for TAL, TCL,
COO and indicator
parameters.

Analysis of leachate
gas samples for VOCs.

Level IV Data for TAL, TCL
Level III Data for COD and
Indicators

Level V Data

4 Leachates

2 Landfill Gas
Samples



TABLE 2
SAMPLE TYPE AND ESTIMATED SAMPLE NUMBERS

BLACKUELL LANDFILL SITE

SAMPLE (1)
MATRIX

DEFINE NATURE AND EXTENT

Soil Sampling

Surface Water Sampling

Sediment Sampling

Groundwater Monitoring

NO. OF
LAB (2) SAMPLES

OF CONTAMINATION

Warzyn
Compuchem
Compuchem
Compuchem

Warzyn
Compuchem
Compuchem
Compuchem
Warzyn

Warzyn
Compuchem
Compuchem
Compuchem

Warzyn
Compuchem
Compuchem
Compuchem
Warzyn

3
3
3
3

8
8
8
8
8

8
8
8
8

25
25
25
25
25

FIELD
DUPLICATES

1
1
1
1

1
1
1
1
1

1
1
1
1

3
3
3
3
3

FIELD (3)
BLANKS

0
0
0
0

1
1
1
1
1

0
0
0
0

3
3
3
3
3

HS/MSD (4)

2
2
2

TOTAL NO.
SAMPLES

10
10
10
10
10

31
31
31
31
31

TEST (5,7)
PARAMETERS

TAL Inorganics
TCL Volatiles
TCL Seraivolatiles
TCL Pest/PCBs

TAL-Inorganics
TCL-Volatiles
TCL-Semivolatiles
TCL-Pest/PCBs
Alk.Cl.SOl.TKN,
NH3.N03+N02.TDS

TAL-Inorganics
TCL-Volatiles
TCL-Semivolatiles
TCL-Pest/PCBs

TAL-Inorganics
TCL-Volatiles
TCL-Semivolatiles
TCL-Pest/PCBs
Alk,Cl,S04,TKN.
NH3,N03+N02,TD$

Soil Borings EWI Eng. 4

Water Supply Sampling Compuchem 26

0

3

5

32

Grain Size

TCL-Volatiles(6)

IDENTIFY AND QUANTIFY SOURCES OF CONTAMINATION

Leachate Headwell
Sampling

Warzyn
Compuchem
Compuchem
Compuchem
Warzyn

TAL-Inorganics
TCL-Volatiles
TCL-Semivolatiles
TCL-Pest/PCBs
Alk1Cl.S04,TKN,
NH3.N03+N02.TDS,
COD

Landfill Gas Vent
Sampling

Enseco Volatile Organics



TABLE 2
(Continued)

Notes

(1) Samples will be considered low or medium concentration.

(2) Compuchera Warzyn Engineering Inc. EUI Engineering Enseco, Inc.
3308 Chapel Hill/Nelson Hwy One Science Court 505 Science Court 9537 Telstar Ave.
Research Triangle Park, NC 27709 Madison, VI 53705 Madison, WI 53705 Suite 118

El Monte, CA 91731

(3) A trip blank for VOC analysis will be included with each cooler shipped for aqueous (leachate. groundwater, surface
water and water supply wells) samples. One trip blank (pre-cleaned SUMMA passivated canister) is required for the
sampling of landfill gas vents for volatiles.

(4) EXTRA VOLUME REQUIREMENT: Extra volume is required for the TCL organic MS/MSO quality control requirement (triple
volume for VOC, double volume for BNAs and Pesticides/PCBs). TAL inorganics and general water quality indicator
parameters require MS/MSD analysis, however, do not require additional sample volume to meet the specified QC.

(5) See Appendix A for EPA TCL and TAL analyte lists.

(6) Low level detection limits required for water supply wells (see Appendix D).

(7) Groundwater samples for metals analysis will be field filtered through a 0.45 micron filter prior to the addition of
preservatives.

721QAPP01TABLE2
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TABLE 3

SAMPLE QUANTITIES, CONTAINERS, PRESERVATIVES AND PACKAGING FOR
SAMPLES FROM THE BLACKWELL LANDFILL SITE RI/FS

Analysis

Low Concentration (Organlcs)

Groundwater Samples

Extractable, Base/neutral,
and acids

Pesticidcs/PCBs

Volatilcs

Bottles and Jars

Two 1-Liter amber
glass bottles

Two 1-Liter amber
glass bottles

Two 40-mL volatile
organic analysis
(VGA) vials.

Preservation

Iced to 4<>C

Iced to 4°C

1:1 HCL (2 drops/
vial), iced to
4QC.

Holding Time(2) Volume of Samples Shipping

5 days from VTSR
to extraction,
analysis within
40 days after
extraction

5 days from VTSR
to extraction,
analysis within
40 days after
extraction

10 days from
VTSR

Fill bottle to
neck

Fill bottle to
neck

Fill completely
no headspace

Shipped doi i ,
by overrndiii
carrier

Shipped daily
by overnight
carrier

Shipped daily
by overnight
carrier

Normal Packaging 0)

Vermiculite

Vermiculite

Vermiculite

Hater Supply Well Samples

Volatiles Four 40-mL VOA vials Iced to 4°C. 7 days Fill completely
no headspace

Shipped daily
by overnight
carrier

Vermiculite

Surface Water Samples

Extractable, Base/neutral,
and acids

Pesticides/PCBs

Volatiles

Two 1-Liter amber
glass bottles

Two 1-Liter amber
glass bottles

Two 40-mL VOA vials

Iced to 4°C

Iced to 4°C

1:1 HCL (2 drops/
vial), iced to
4QC.

5 days from VTSR
to extraction,
analysis within
40 days after
extraction

5 days from VTSR
to extraction,
analysis within
40 days after
extraction

10 days from
VTSR

Fill bottle to
neck

Fill
neck

bottle to

Fill completely
no headspace

Shipped daily
by overnight
carrier

Shipped daily
by overnight
carrier

Shipped daily
by overnight
carrier

Vermiculite

Vermiculite

Vermiculite



TABLE 3
(Continued)

Analysis

Leachate Samples

Extractable, Base/neutral,
and acids

Pesticides/PCBs

Volatiles

Bottles and Jars

Two 1-Liter amber
glass bottles

Two 1-Liter amber
glass bottles

Two 40-mL VOA vials

Preservation

Iced to 40C

Iced to 40C

Iced to 4°C.

Holding Time(2) Volume of Samples Shipping

5 days from VTSR
to extraction,
analysis within
40 days after
extraction

5 days from VTSR
to extraction,
analysis within
40 days after
extraction

7 days

Fill
neck

bottle to

Fill bottle to
neck

Fill completely
no headspace

Shipped dai ly
by overninln
carrier

Shipped daily
by overnight
carrier

Shipped daily
by overnight
carrier

Normal Packaging (0

Vermiculite

Vermiculite

Vermiculite

Low Concentration (Inorganics)

Groundwater Samples

Metals

Cyanide

One 1-liter high
density polyethylene
bottle

One 1-liter high
density polyethylene
bottle

Field filter 180 days from
through 0.45 urn VTSR (26 days
filter. HN03 to from VTSR for
pH<2. Iced to 4<>C. mercury)

Add NaOH to pH>12. 12 days from
Iced to 40C VTSR

Fill to shoulder
of bottle

Fill to shoulder
of bottle

Shipped daily
by overnight
carrier

Shipped daily
by overnight
carrier

Vermiculite

Vermiculite

Surface Water Samples

Metals

Cyanide

One 1-liter high
density polyethylene
bottle

One 1-liter high
density polyethylene
bottle

HN03 to pH<2.
Iced to 40C.

180 days from
VTSR (26 days
from VTSR for
mercury)

Add NaOH to pH>12. 12 days from
Iced to 4QC VTSR

Fill to shoulder
of bottle

Fill to shoulder
of bottle

Shipped daily
by overnight
carrier

Shipped daily
by overnight
carrier

Vermiculite

Vermiculite

Leachate Samples

Metals One 1-liter high
density polyethylene
bottle

HN03 to pH<2.
Iced to 40C.

180 days from
VTSR (26 days
from VTSR for
mercury)

F i l l to shoulder
of bottle

Shipped daily
by overnight
carrier

Vermiculite



TABLE 3
(Continued)

Analysis

Cyanide

Bottles and Jars

One 1-liter high
density polyethylene
bottle

Preservation Holding Time(2) Volume of Samples Shipping

Add NaOH to pH>12. 12 days from
Iced to 4°C VTSR

Fill to shoulder
of bottle

Shipped d a i 1 \
by overnight
carrier

Normal Packaging U)

Vermiculite

Water Quality Parameters

Groundwater Samples

TKN, Nitrate + Nitrite-N and
Ammon i a

Alkalinity, Chloride, Sulfate

IDS

One 1-liter high
density polyethylene
bottle

One 500-mL
polyethylene bottle

One 500-mL
polyethylene bottle

H2S04 to pH<2.
Iced to 4°C.

Iced to 4<>C.

Field filter
through 0.45 urn
filter. Iced to
40C

28 days

28 days (14 days
alkalinity)

7 days

Fill to shoulder
of bottle

Fill to shoulder
of bottle

Fill to shoulder
of bottle

Shipped daily
by overnight
carrier

Shipped daily
by overnight
carrier

Shipped daily
by overnight
carrier

Vermiculite

Vermiculite

Vermiculite

Surface Water Samples

TKN, Nitrate + Nitrite-N and
Ammon i a

Alkalinity, Chloride, Sulfate

TDS

One 1-liter high
density polyethylene
bottle

One 500-mL
polyethylene bottle

One 500-mL
polyethylene bottle

H2S04 to pH<2.
Iced to 4°C.

Iced to 4°C.

Iced to 40C.

28 days Fill to shoulder
of bottle

28 days (14 days Fill to shoulder
alkalinity) of bottle

7 days Fill to shoulder
of bottle

Shipped daily
by overnight
carrier

Shipped daily
by overnight
carrier

Shipped daily
by overnight
carrier

Vermiculite

Vermiculite

Vermiculite

Leachate Samples

TKN, Nitrate+Nitrite-N, Ammonia One 1-liter high
and COD density polyethylene

bottle

Alkalinity, Chloride, Sulfate

TDS

One 500-mL
polyethylene bottle

One 500-mL
polyethylene bottle

H2S04 to pH<2.
Iced to 4°C.

Iced to 40C.

Iced to 4°C.

28 days

28 days (14 days
alkalinity)

7 days

Fill to shoulder
of bottle

Fill to shoulder
of bottle

Fill to shoulder
of bottle

Shipped daily
by overnight
carrier

Shipped daily
by overnight
carrier

Shipped daily
by overnight
carrier

Vermiculite

Vermicul ite

Vermiculite



TABLE 3
(Continued)

Analysis Bottles and Jars Preservation Holding Time(2) Volume of Samples Shipping Normal Packaging (1)

Low or Med Concentration (Organics)

Soil and Sediment Samples

Extractable, Base/neutral
and acids

Pesticides/PCBs

Volatile*

One 8-oz wide mouth
glass jar

One 8-oz wide mouth
glass jar

Two 4-oz wide mouth
glass jars

Iced to 4<>C

Iced to 40C

Iced to 4QC

10 days from VTSR Fill 3/4 full
to extraction,
analysis within
40 days after
extraction.

10 days from VTSR Fill 3/4 full
extraction,
analysis within
40 days after
extraction.

10 days from
VTSR

Fill Completely
no headspace

Shipped d a i l y
by overnight
carrier

Shipped daily
by overnight
carrier

Shipped daily
by overnight
carrier

Vermiculite
(Med in cans/
vermiculite)

Vermiculite
(Med in cans/
vermiculite)

Vermiculite
(Med in cans/
vermiculite)

Low or Hed Concentration (Inorganics)

Soil and Sediment Samples

Metals and Cyanide One 8-oz wide mouth
glass jar

Iced to 4QC 180 days from
VTSR (26 days
from VTSR for
mercury and 12
days from VTSR
for cyanide)

Fill 3/4 full Shipped daily
by overnight
carrier

Vermiculite
(Med in cans/
vermiculite)

Physical Analysis

Soil Samples

Grain Size Distribution Two 8-oz wide mouth
glass jars

NONE Not established Fill 3/4 full Ship by carrier Vermiculite



TABLE 3
(Continued)

Analysis Bottles and Jars Preservation Holding Time(2) Volume of Samples Shipping Normal Packaging (1)

Landfill Gas Analysis

Volatiles One 6-liter SUMMA
passivated canister

Iced to 4QC. Not established Fill as described
procedure.

in Shipped d a i l v
by overnight
carrier

Vermiculite

Notes
TTTThe packing material should completely cushion the sample bottles - botttom, sides and top.
(2) VTSR - verified time of sampling receipt. Unless otherwise noted the holding time is from the date sampled.

721QAPP01TABLE3
1/25/91FINAL



I
I

TABLE 4
SUMMARY OF QUALITY CONTROL REQUIREMENTS FOR ANALYSES

PERFORMED AT THE BLACKWELL LANDFILL SITE RI/FS

PARAMETER AUDIT FREQUENCY* LIMITS2

TCL Organics Requirements per SOW 2/88 (or most current)

TAL Inorganics Requirements per SOW 7/88 (or most current)

TCL Volatiles (Low Level Detection Limits for Hater Supply Hells)
The acceptance control limits specified in Sections 8,9 and
11 of the SOP (Appendix B-3) should be met. Method blank
sampls shall be analyzed daily and at the beginning of the
day before analysis of any samples, and at the beginning of
each 12 hour shift. MS/MSD should be analyzed at a frequency
of on3 per group of 20 or fewer samples analyzed.

Alkalinity, Choride,
Sulfate, Nitrate+Nitrate Nitrogen

Lab Blank

Check Standard

EPA QC Reference
Standard

Lab Duplicate

Matrix Spike

1 per 10 samples

1 per 10 samples

1 per set

1 per 10 samples

1 per 10 samples

Standard at 2 times 1 per set after
detection limit calibration and

EPA QC reference
standard.

< Detection Limit (DL)

90 - 110 % Recovery

80 - 120 % Recovery

10 RPD (+ 2xDL if
sample concentration
is <5 x DL)

85 - 115 % Recovery

+ Instrument DL

Chemical Oxygen Demand
Lab Blank

Check Standard

EPA QC Reference
Standard

Lab Duplicate

1 per 10 samples < Detection Limit (DL)

1 per 10 samples 90 - 110 % Recovery

1 per set 80 - 120 % Recovery

1 per 10 samples 10 RPD (+ 2xDL if
sample concentration
is <5 x DL)

Matrix Spike 1 per 10 samples 85 - 115 % Recovery



TABLE 4
(continued)

PARAMETER AUDIT FREQUENCYl LIMITS2

Ammonia Nitrogen
Lab Blank

Preparation Blank

Check Standard

EPA QC Reference
Standard

Lab Duplicate

Matrix Spike

1 per 10 samples < DL

1 per set < DL

1 per 10 samples 90 - 110 % Recovery

1 per set 80 - 120 % Recovery

1 per 10 samples 10 RPD (+ 2xDL if
sample concentration
is <5 x DL)

1 per 10 samples 85 - 115 % Recovery

TKN
Lab Blank

Preparation Blank

Check Standard

EPA QC Reference
Standard

Lab Duplicate

1 per 10 samples < DL

1 per set < DL

1 per 10 samples 90 - 110 % Recovery

1 per set 80 - 120 % Recovery

1 per 10 samples 10 RPD (+ 2xDL if
sample concentration
is <5 x DL)

Matrix Spike 1 per 10 samples 85 - 115 % Recovery

Total Dissolved Solids
Lab Blank

EPA QC Reference
Standard

Lab Duplicate

1 per set

1 per set

< DL

80 - 120 % Recovery

1 per 10 samples 10 RPD (+ 2xDL if
sample concentration
is <5 x DL)

Grain Size Distribution
Lab Duplicate 1 per 10 samples 10 RPD or <2% by weight



TABLE 4
(continued)

PARAMETER AUDIT FREQUENCYl LIMITS2

I

I

Field pH
Check Standard

Duplicate

1 per 10 samples + 0.05 pH unit of
Fuffer selection

1 per 10 samples + 0.2 pH unit

I

Field Specific Conductance
Check Standard

Duplicate

1 per 10 samples + 5% of standard

1 per 10 samples 15 RPD (+ 2xDL if
sample concentration
is <5 x DL)

Volatile Organic Compounds (for leachate gas samples)

Check Standard One standard
containing all
target compounds
(after initial
tuning)

90 % of the target
compounds must be
within + 30 % of the
3 point calibration
curve.

Lab Control Sample 1 per 20 samples 85 - 115 % and <20 RPD
and Duplicate (for all 5 compounds)
Control Sample
(containing 5 spec-
ified compounds)

System Blank 1 per 20 samples All compounds < MDL

1 Frequencies apply to each individual matrix.
2 Refer to Appendix A for required detection limits for each analyte.

721QAPP01TABLE4
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Figure 2. RI/FS Schedule
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APPENDIX A

! ANALYTE LISTS AND DETECTION LIMITS
i



I
FIELD MEASUREMENTS

• Required Detection
Parameter Limit

j pH 1.00 (s.u.)

i Specific Conductance @25 deg. C 10 (umhos/cm)



WATER QUALITY INDICATOR PARAMETERS

REQUIRED DETECTION
PARAMETER LIMIT (M6/L)

Alkalinity 5.0

Chloride 1.0

Sulfate 5.0

Ammonia Nitrogen 0.10

N1trate+N1trite Nitrogen 0.02

Total KJeldahl Nitrogen 0.10

Total Dissolved Sol Ids 20

Chemical Oxygen Demand (Leachates only) 20



INORGANIC TARGET ANALYTE LIST (TAL)

Analyte

Aluminum
Antimony
Arsenic
Barium
Beryllium
Cadmium
Calcium
Chromium
Cobalt
Copper
Iron
Lead
Magnesium
Manganese
Mercury
Nickel
Potassium
Selenium
Silver
Sodium
Thallium
Vanadium
Zinc
Cyanide

Contract Required
Detection Limit I1/2)

(ug/L)

200
60
10
200
5
5

5000
10
50
25
100
3

5000
15
0.2
40

5000
5
10

5000
10 .
50
20
10

u
L

L

(1) Subject to the restrictions specified in the first page of Part G,
Section IV of Exhibit D (Alternate Methods - Catastrophic Failure) any
analytical method specified in SOU Exhibit D may be utilized as long as
the documented instrument or method detection limits meet the Contract
Required Detection Limit (CRDL) requirements. Higher detection limits
may only be used in the following circumstance:

If the sample concentration exceeds five times the detection
limit of the instrument or method in use, the value may be
reported even though the instrument or method detection limit
may not equal the Contract Required Detection Limit. This is
illustrated in the example below:

For lead:

Method in use - ICP
Instrument Detection Limit (IDL) - 40
Sample concentration - 220
Contract Required Detection Limit (CRDL) - 3

C-l 7/88



I
I

I
1
i
1

The value of 220 may be reported even though instrument
detection limit is greater than CRDL. The instrument or
method detection limit must be documented as described in
Exhibit E.

The CRDL are the instrument detection limits obtained in pure water
that must be met using the procedure in Exhibit E. The detection
limits for samples may be considerably higher depending on the sample
matrix.
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Target Compound List (TCP and
Contract Required Ouantitation Limits fCRQL')*

(concinued)

Quantitation Limits**

Volaciles

1.
2.
3.
4.
5.

6.
7.
8.
9.
10.

11.
12.
13.
14.
15.

16.
17.
18.
19.
20.

21.
22.
23.
24.
25.

26.
27.
28.
29.
30.

Chlor one thane
Bromome thane
Vinyl Chloride
Chloroethane
Methylene Chloride

Acetone
Carbon Disulfide
1 , 1 -Dichloroethene
1,1-Dichloroe thane
1,2-Dichloroethene (total)

Chloroform
1 , 2 -Dichloroe thane
2-Butanbne
1,1,1 -Trichloroe thane
Carbon Tetrachloride

Vinyl Acetate
Bromodichlorome thane
1 ,2-Dichloropropane
cis-1, 3-Dichloropropene
Trichloroe thene

Dibrooochlorome thane
1,1, 2 -Trichloroethane
Benzene
trans - 1 , 3-Dichloropropene
Bromoform

4-Methyl-2-pentanone
2-Hexanone
Tetrachloroe thene
Toluene
1,1,2,2 -Tetrachloroethane

CAS FvB.b,̂ r

74-87-3
74-83-9
75-01-4
75-00-3
75-09-2

67-64-1
75-15-0
75-35-4
75-34-3
540-59-0

67-66-3
107-06-2
78-93-3
71-55-6
56-23-5

108-05-4
75-27-4
78-87-5

10061-01-5
79-01-6

124-48-1
79-00-5
71-43-2

10061-02-6
75-25-2

108-10-1
591-78-6
127-18-4
108-88-3
79-34-5

Water Low Soil/Sedimenca

uy/L ue/Ke

10
10
10
10
5

10
5
5
5
5

5
5
10
5
5

10
5
5
5
5

5
5
5
5
5

10
10
5
5
5

10
10
10
10
5

10
5
5
5
5

5
5
10
5
5

10
5
5
5
5

5
5
5
5
5

10
10
5
5
5

I
1
i
I
i
k
I

i
I
i
i
i
I
i
I
I
I
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• Ouantitation Limits**
i ' ' Water Lov Soil/Sedimenra

Volatiles CAS Number ug/L ue/Kg

f

I

1

I

I

1

1

1

J

31. Chlorobenzene 108-90-7 5 5
32. Ethyl Benzene 100-41-4 ' 5 5
33. Styrene 100-42-5 5 5
34. Xylenes (Total) 1330-20-7 5 5

i a Medium Soil/Sediment Contract Required Quantisation Limits (CRQL) for
Volatile TCL Compounds are 125 times the individual Low Soil/Sediment
CRQL.

* Specific quantitation limits are highly matrix dependent. The
quantitation limits listed herein are provided for guidance and may not
always be achievable.

** Quantitation limits listed for soil/sediment are based on wet weight. The
quantitation limits calculated by the laboratory for soil/sediment,
calculated on dry weight basis as required by the contract, will be
higher.
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Target Compound List (TCP and
Contract Required Quantisation Limits (CROP*

Quantisation Limits**

Semivolatiles

35.
36.
37.
38.
-39.

60.
41.
62.
A3.

66.

65.

66.
67.
68.
69.

50.
51.
52.

53
56.

55.
56.
57.
58.

59.

60.
61.
62.
63.
66.

65.
66.
67.
68.
69.

Phenol
bis(2-Chlorocthyl) ether
2-Chlorophenol
1 , 3-Dichlorobenzene
1,6-Dichlorobenzene

Benzyl alcohol
1,2-Dichlorobenzene
2-Methylphenol
bis(2-Chloroisopropyl)
echer

6-Methylphenol

N-Nitroso-di-n-
dipropylamine
Hexachloroethdne
Nitrobenzene
Isophorone
2-Nicrophenol

2 ,6-Dimethylphenol
Benzoic acid
bis(2-Chloroethoxy)
methane
2 ,6-Dichlorophenol
1 . 2 ,6-Trichlorobenzene

Naphthalene
6-Chloroaniline
Hexachlorobutadiene
6-Chloro-3-methylphenol
(para-chloro-meta-cresol)

2-Methylnaphthalene

Hexachlorocyclopentadiene
2 ,6,6-Trichlorophenol
2,6, 5 -Tr ichlorophenol
2 - Chloronaphthalene
2-Ni-roaniline

Dimethylphthalate
Acenaphthylene
2.6-Dinitrotoluene
3-Nitroaniline
Acenaphthene

CAS Number

108-95-2
111-64-6
95-57-8
541-73-1
106-66-7

100-51-6
95-50-1
95-68-7

108-60-1
106-64-5

621-66-7
67-72-1
98-95-3
78-59-1
88-75-5

105-67-9
65-85-0

111-91-1
120-83-2
120-82-1

91-20-3
106-67-8
87-68-3

59-50-7
91-57-6

77-67-6
88-06-2
95-95-6
91-58-7
88-76-6

131-11-3
208-96-8
606-20-2
99-09-2
83-32-9

Water
uz/L

10
10
10
10
10

10
10
10

10
10

10
10
10
10
10

10
50

10
10
10

10
10
10

10
10

10
10
50
10
50

10
10
10
50
10

Low Soil/Sedimenc0

ue/K?

330
330
330
330
330

330
330
330

330
330

330
330
330
330
330

330
1600

330
330
330

330
330
330

330
330

330
330
1600
330

1600

330
330
330
1600
330

(continued)
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Ouantitation Limits**

L
»

L

L

L

L
?

L
f

L
<

L
r

L
i

L

1

L

(1

i

Semivolatiles CAS Number

70.
71.
72.
73.
74.

75.
76.
77.
78.
79.

80.
81.
82.
83.
84.

85.
86.
87.
88.
89.

90.
91.
92.
93.
94.

95.
96.
97.
98.
99.

2.4-Dinitrophenol
4-Nitrophenol
Dibenzofuran
2 ,4-Dinitrotoluene
Diethylphthalate

4-Chlorophenyl-phenyl ether
Fluorene
4-Nitroaniline
4 , 6-Dinitro-2-methylphenol
N-nltrosodiphenylamine

4-Bromophenyl-phenylether
Hexachlorobenzene
Pcntachlorophenol
Phenanthrene
Anthracene

Di-n-butylphthalate
Fluoranthene
Pyrene
Butylbenzylphthalate
3,3'-Dichlorobenzidine

Benzo ( a) anthracene
Chrysene
bis(2-Ethylhexyl)phthalate
Di-n-octylphthalate
Benzo (b ) f luoranthene

Benzo (k) f luoranthene
Benzo(a)pyrene
Indeno (1 , 2 , 3 - cd)pyrene
Dibenz (a,h) anthracene
Benzo(g,h, Dperylene

51-28-5
100-02-7
132-64-9
121-14-2
84-66-2

7005-72-3
86-73-7
100-01-6
534-52-1
86-30-6

101-55-3
118-74-1
87-86-5
85-01-8
120-12-7

84-74-2
206-44-0
129-00-0
85-68-7
91-94-1

56-55-3
218-01-9
117-81-7
117-84-0
205-99-2

207-08-9
50-32-8
193-39-5
53-70-3
191-24-2

Water
ujj/L

50
50
10
10
10

10
10
50
50
10

10
10
50
10
10

10
10
10
10
20

10
10
10
10
10

10
10
10
10
10

Lov Soil/Sediment11

ue/Kz

1600
1600
330
330
330

330
330
1600
1600
330

330
330
1600
330
330

330
330
330
330
660

330
330
330
330
330

330
330
330
330
330

b Medium Soil/Sediment Contract Required Quantitatton Limits (CRQL) for
SemiVolatile TCL Compounds are 60 times the individual Low Soil/Sediment
CRQL.

* Specific quantitation limits are highly matrix dependent. The
quantitation limits listed herein are provided for guidance and may not
always be achievable.

** Quantitation limits listed for soil/sediment are based on wet weight. The
quantitation limits calculated by the laboratory for soil/sediment,
calculated on dry weight basis as required by the contract, will be
higher.
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Target Compound List fTCL> and
Contract Reauired Quantisation Limits (CROL5*

Ouantitation Limits**

Pesticides/PCBs

100.
101.
102.
103.
104.

105.
106.
107.
108.
109.

110.
111.
112.
113.
114.

115.
116.
117.
118.
119.

120.
121.
122.
123.
124.

125.
126.

alpha- BHC
beta-BHC
delta -BHC
gamma -BHC (Lindane)
Heptachlor

Aldrin
Heptachlor epoxide
Endosulfan 1
Dieldrin
4, 4'- DDE

Endrin
Endosulfan II
4, 4' -ODD
Endosulfan sulfate
4,4'-DDT

Methoxychlor
Endrin ketone
alpha- Chlordane
gamma - Chlordane
Toxaphene

Aroclor-1016
Aroclor-1221
Aroclor-1232
Aroclor-1242
Aroclor-1248

Aroclor-1254
Aroclor-1260

CAS Number

319-84-6
319-85-7
319-86-8
58-89-9
76-44-8

309-00-2
1024-57-3
959-98-8
60-57-1
72-55-9

72-20-8
33213-65-9

72-54-8
1031-07-8
50-29-3

72-43-5
53494-70-5
5103-71-9
5103-74-2
8001-35-2

12674-11-2
11104-28-2
11141-16-5
53469-21-9
12672-29-6

11097-69-1
11096-82-5

Water
ue/L

0.05
0.05
0.05
0.05
0.05

0.05
0.05
0.05
0.10
0.10

0.10
0.10
0.10
0.10
0.10

0.5
0.10
0.5
0.5
1.0

0.5
0.5
0.5
0.5
0.5

1.0
1.0

Low Soil/Sediment:c

ue/Kf

8.0
8.0
8.0
8.0
8.0

8.0
8.0
8.0
16.0
16.0

16.0
16.0
16.0
16.0
16.0

80.0
16.0
80.0
80.0
160.0

80.0
80.0
80.0
80.0
80.0

160.0
160.0

Medium Soil/Sediment Contract Required Quantitation Limits (CRQL) for
Pesticide/PCB TCL compounds are 15 times the individual Low Soil/Sediment
CRQL.

Specific quantitation limits are highly matrix dependent. The
quantitation limits listed herein are provided for guidance and may not
always be achievable.

Quantitation limits listed for soil/sediment are based on vet weight,
quantitation Limits calculated by the laboratory for soil/sediment,
calculated on dry weight basis as required by the contract, will be
higher.

The
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TABLE 1

TARGET COMPOUND LIST (TCL) AND QUANTITATION LIMITS (QLs)

(FOR RESIDENTIAL WELL WATER SAMPLES)

)RGANICS

Benzene
Bromdichloromethane
Broinoform
Bromomethane
Carbon Tetrachloride
Chlorobenzene
Chloroethane
Chloroform
Chloromethane
Dibromochloromethane
1 , 1-Dichloroethane
1 , 2-Dichloroethane
1 ,1-Dichloroethene
1 , 2-Dichloroethene (Total )
1 ,2-Dichloropropane
Cis-1 ,3-Dichloropropene
Trans-1 ,3-Dichloropropene
Ethyl Benzene
Methylene Chloride (*)
1 ,1 ,2,2-Tetrachloroethane
Tetrachloroethene
Toluene (*}
1 ,1 , 1-Trichloroethane
1 , 1 ,2-Trichloroethane
Trichloroethene
Vinyl Chloride
Acrolein
Acetone (*)
Acrylonitrile
Carbon Disulfide
2-Butanone ( * }
Vinyl Acetate
4-Methyl-2-Pentanone
2-Hexanone
Styrene
m-Xylene **

71-43-2
75-27-4
75-25-2
74-83-9
56-23-5
108-90-7
75-00-3
67-66-3
74-87-3
124-48-1
75-34-3
107-06-2
75-35-4

78-87-5
10061-01-5
10061-02-6
100-41-4
75-09-2
79-34-5
127-18-4
108-88-3
71-55-6
79-00-5
79-01-6
75-01-4
107-02-8
67-64-1
107-13-1
75-15-0
78-93-3
108-05-4
108-10-1
519-78-6
100-42-5
108-38-3

OUANTITATION

1.5
1.5
1.5
1.5
1.5
1.5
1.5
1.5
1.5
1.5
1.5
1.5
1.5
1.5
1.5
2.0
1.0
1.5
1.0
1.5
1.5
1.5
1.5
1.5
1.5
1.5
25.0
5.0
25.0

0
,0
0

1.5
0
0

1.5



I
I
1

0-Xylene ** 95-47-6 1.5
| p-Xylene ** 106-42-3 1.5
t

I NOTE: * Common laboratory solvent. Control limits for blanks are 5
] the method detection limits.

, ** m-Xylene, o-Xylene and p-Xylene are reported as a total of
j three.

f

1
i
i
1
1



ANALYTE LIST AND REPORTING LIMITS FOR
THE DETERMINATION OF VOCS IN AMBIENT AIR SAMPLES

Volatile Compound

D1chlorodlf1uoromethane
Chloromethane
1,2-Di chloro-1,1,2,2-Tetraf 1 uoroethane
Vinyl Chloride
Bromomethane
Chloroethane
Trichlorofluoromethane
cis-1,2-Dichloroethene
Carbon Disulflde
I,l,2-Tr1chloro-1,2,2-Trifluoroethane
Acetone
Methylene Chloride
trans-l,2-Dichloroethene
1,1-Dichloroethane
Vinyl Acetate
1,1-Dichloroethene
2-Butanone
Chloroform
1,1,1-Trichloroethane
Carbon Tetrachlorlde
Benzene
1,2-Dichloroethane
Trlchloroethene
l,2-D1chloropropane
1,4-Dioxane
Bromodlchloromethane
c1s-l,3-Dichloropropene
4-Methyl-2-Pentanone
Toluene
trans-l,3-Dichloropropene
1,1,2-Trichloroethane
Tetrachloroethene
2-Hexanone
Dlbromochloromethane
1,2-D1bromomethane
Chlorobenzene
Ethyl benzene
Total Xylenes
Styrene
Bromoform
1,1,2,2-Tetrachloroethane
Benzyl Chloride
4-Ethyl Toluene
1,3,5-Trimethyl benzene
1,2,4-Trimethylbenzene

Reporting Limit
ppb (vol/vol)

2
2.5
2
2.5
3
5
1
2
10
2
10
4
4
2.5
2.5
2
3
2
2
2
3
2
2.5
8
7
2
3
3
3
3
3
3
5
3
2
2.5
2.5
5
7
2
4
2
4
2.5
3



! ANALYTE LIST AND REPORTING LIMITS FOR
* THE DETERMINATION OF VOCS IN AMBIENT AIR SAMPLES

(continued)

I Reporting Limit
Volatile Compound ppb (vol/vol)

] 1,3-Dichlorobenzene 3
1,4-Dichlorobenzene 4
1,2-Dichlorobenzene 5

| 1,2,4-Trichlorobenzene 7
• Hexachlorobutadiene 5
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APPENDIX B

LABORATORY PROCEDURES



I
I
I APPENDIX B-l

. PROCEDURES FOR WATER QUALITY INDICATOR PARAMETERS

I

L
I
I



Effective Date: p-/V-9Q

NITRATE - AUTOANALYZER

Scope and Application: This method is applicable to drinking water,
surface water, groundwater and wastewater.

Reference: EPA 1983, Method 353.2
Lachat Instruments, 1986

Detection Limit: 0.02 mg/L

Optimum Range: 0.02 - 2.00.mg/L N(J3 + NOg - N

Sample Handling: Preserve with sulfuric acid to pH <2 and refrigerate at 4°C.
] Analyze within 14 days. Alternatively, unpreserved samples,
4 kept at 4eC can be analyzed within 48 hours of sampling.

Instrument Conditions:
; 1. Pump speed: 35

2. Cycle period: 50 seconds
J 3. Load period: 20 seconds
I 4. Inject period: 20 seconds

5. Inject to start of peak period: 22 seconds

!

6. Inject to end of peak period: 68 seconds
7. Gain: 450
8. Zero: 400
9. Interface filter: 520 nm

1 10. Sample loop: 17 cm
11. Standards for curve set-up: 0, 0.20, 0.50, 1.00, 2.00 mg/L
12. Column: (see reagents 7-10)

t
j Reagent Preparation: (Prepare fresh every 6 months, unless otherwise stated.)

1. Degassed Hilli-Q water (2 options):

I a. Boil Milli-Q water vigorously for 5 minutes. Cool and store in a
cubitainer, or

j b. Bubble helium, using the fritted gas dispersion tube, through the
Milli-Q water. Store in cubitainer. (15 min/20 L)

J 2. Stock nitrate standard (100 mg/L N(hV. In a 1 liter volumetric
I flask, dissolve 0.7218 potassium nitrate (KN03) in about 600 mL of

Milli-Q water. Add 2 mL of concentrated $̂04 as a preservative.
j Dilute to the mark. Store in a dark glass bottle. Refrigerate.

3. Working stock nitrate standard (10 mq/L NĈ ): Add 50 mLs D.I. water
, to a 100 mL volumetric flask. Add 0.2 mLs concentrated H?S04 and
] pipet 10.0 mL of the stock nitrate standard. Dilute to trie mark with
' DI water. Prepare fresh every 2 weeks. Refrigerate.

[INORGSOP]
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4. Standards: (Prepare fresh every 2 weeks.) Preserve with 0.2 mL
f H2S04. Dilute to volume with D.I. water. Refrigerate.
I
* Concentration Letter Volume of Dilute

of Standard Identifier NQ3 Standard to

1 0 mg/L A 0 100 mis
0.20 mg/L B 2.0 100 mLs

. 0.50 mg/L C 5.0 100 mLs
1.00 mg/L D 10.0 100 mLs

1 2.00 mg/1 E 20.0 100 mLs

J Note: Computer refers to standards by letter.

5. Sodium hydroxide H5W: To 250 mL of D.I. water, add 150.Og NaOH.
, SLOWLY! This solution will get very HOT! Swirl to dissolve. Store
I in a plastic bottle.

6. Ammonium chloride buffer solution: In a 1 liter volumetric flask,
| dissolve 85.Og of ammonium chloride (NHiCl) and l.Og of disodium
; ' ethylenediamine tetracetate dihydrate (EDTA) in approximately 800 mL

D.I. water. Adjust the pH to 8.5 with 15M NaOH. Dilute to the mark
j — and filter through a 0.45 urn filter. Refrigerate.

* * See Notes #5.

] 7. Sulfanilamide color reagent: In a 1 liter volumetric flask, add
1 approximately 800 mL of Milli-Q water. Then add 100 mL concentrated

phosphoric acid (Ĥ PO,;). Add 40.Og sulfanilamide and dissolve
, completely. Dissolve l.Og N-1-naphthlethylendeiamine dihydrochloride

(NED) and dilute to one liter. Store in dark bottle at 4°C. Stable
1 for 2 months when refrigerated.

1 8. Column Preparation:
i

a. Cadmium preparation: Place 10-20g of coarse cadmium powder
i . (granules) in a 250 mL beaker and wash with 50 mL of acetone,

then distilled water, then two 50 mL portions of 1 M hydrochloric
acid (8 mL concentrated hydrochloric acid plus 92 mL deionized
water). Then rinse thoroughly with deionized water. If using

I cadmium for second time, rinse with 1 M hydrochloric acid before
i beginning process. CAUTION: Collect and store all waste

cadmium. Wear gloves!

] b. Copperization: Prepare a 2% copper sulfate solution (20g of
CuS04'5H20) per liter of deionized water) and add a 100 mL

f portion to the cadmium prepared in "a" above. Swirl gently for
j about 5 minutes, then decant the liquid and repeat with a fresh
I 100 mL portion of 2% copper sulfate. Continue this process until

colloidal copper is visible in the supernatant (a red-brown

I precipitate) and solution remains blue in color. Rinse with D.I.
water until all colloidal copper is removed from the supernatant.
Wash once with ammonium chloride buffer. The cadmium should be

( black or dark gray. The cadmium granules may be stored in a
stoppered bottle in ammonium chloride buffer.

[INORGSOP]
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c. Packing the column (wear gloves!): Place a small piece of
polyurethane foam (or glass wool) loosely in the end of the glass
tube. Insert the plugged end of the glass tube into the column
end fitting. Cut a length of 0.032" id teflon tubing 3 to 4
inches longer than the column.

5

, Insert the teflon tube in the end fitting and fill the whole tube
with water, holding the flexible tube in a U-shape so that the

4 ends are level. Place the second end fitting on the other end of
: the teflon tubing. (Placing a small funnel onto the end fitting

may aid filling.) Taking care that no air bubbles are
introduced, place the copperized cadmium granules in the column.

! Tap the column gently, every 1-2 cm, to pack the granules. When
• the column is packed to within about 5 mm of the end of the glass

column, insert another foam plug, then the column end fitting.
, Store the column with the ends connected with a length of teflon
j tubing, as air pockets or having the column dry out will
4 necessitate repacking. If air remains in the column, connect the

column to the manifold and turn the pump on maximum. Tap column
! firmly until all air is removed.

d. Column activation: The column must be activated before use or it
will not reduce nitrate. This may be accomplished by pumping the
10 mg/L nitrate standard through the sample line. When the
solution is injected, a brilliant pink color will be visible in
the coil. The cadmium column efficiency should be above 80%, if

1 less, the column must be repacked.

To check column efficiency, standardize with nitrite standards
and then analyze all nitrate standards. The recovery of the
nitrate standards should be consistant at all standard
concentrations.

Notes:
[ ~

i 1. Interferences:

- Build up of suspended matter in the reduction column will
restrict sample flow. Since nitrate-nitrogen is found in
a soluble state, the sample must be pre-filtered.

- Low results might be obtained for samples that contain high
concentrations of iron, copper or other metals. EDTA is added
to the samples to eliminate these interferences.

1 - Samples that contain large concentrations of oil and grease
will coat the surface of the column. This interference is
eliminated by pre-extracting the sample with an organic solvent.

1 2. Samples must be diluted to obtain concentrations within the optimum
working range.

3. The gain and zero settings are guidelines and must be optimized each
day.

[INORGSOP]
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I

4. Color will interfere: dilute the sample and also spike the dilution
j to confirm the quality of the result. Record on data sheet.

5. ACS grade ammonium chloride has been found occasionally to contain
significant nitrate contamination, so an alternative preparation for

J the ammonium chloride buffer (Reagent #6) is as follows:

In the hood, add 126 mL concentrated HC1 to a 1 liter volumetric
, flask containing 500 mL degassed Milli-Q water. Mix. Add 95 mL

ammonium hydroxide and 1.0 gm disodium EDTA. Dissolve and dilute to
1 the mark. The pH should be 8.5 ± .1, adjust pH if necessary.

| System Operation:

1. Refer to Auto Analyzer Operation - Start-up Procedure (IOP# LAA-
I section A).

* 2. After pumping reagents through the lines, turn off the pump and
insert column, making sure that air bubbles are not introduced into

' the column.

3. Activate column if necessary. (See #8d. above.)

i 4. Analyze an initial calibration check standard, a blank, and a
' reference standard at the beginning of each run. The blank must be

below the IDL and standards must be within the control limits.

5. To spike samples, mix equal volumes of sample and 1.00 mg/L standard
for a final spike level of 0.50 mg/L.

6. The calibration check standard is 1.00 mg/L NOs (D).

7. If only nitrate is requested, nitrites must be analyzed and
I subtracted from the nitrate + nitrite value.

8. After use, turn off the pump and remove the column from the manifold.
i •>'. -'
\ 9. Refer to Auto-Analyzer Shut-down Procedure. (IOP# LAA-Section B.)

l Quality Control :

i 1. Establish a standard curve with the standards listed above. The
derived concentrations for each calibration standard must be within

] 10% of the true value. The derived value for the blank must be below
the method detection limit.

, 2. A quality control calibration standard of 1.00 mg/L and a blank are
to be analyzed, at a minimum, after every 10 samples. If less than

•! 10 samples are analyzed, a calibration standard and blank are still
required. The last samples analyzed in the run are to be the

| calibration standard and blank. These standards must be within the
| acceptable ranges or the samples run after the last acceptable check

standard are to be reanalyzed.
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3. Duplicate and spike a minimum of 1 out of 10 samples. If less than
10 samples are analyzed, a duplicate and spike are still required.
Spike recoveries and duplicates are to be within acceptable ranges or
data must be flagged appropriately.

Calculation:

1. Calculate with Lachat Quikchem software, in the concentration mode,
using the IBM XT computer.

i

t
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Effective Date: iG-H^-C a

TOTAL DISSOLVED SOLTOS

• Scope and Application; This method is applicable to drinking water, surface water,
• groundwater, and domestic and industrial wastewaters.

j Method: Gravimetric, dried at 180°C.

Reference: EPA 1983, Method 160.1
!

I Detection Limit: 20 mg/L (using a 50 mL sample volume)

Sample Handling Refrigerate at 4°C and analyze sample within 7 days of sampling.

Reagents and Apparatus:

1. Glass fiber filters, Whatman GF/C
2. Gelman filtration funnel and support

; 3. Suction flask, 1000 mL
• 4. Porcelain evaporating dishes

5. Volumetric pipet, 50 mL
; 6. Drying oven at 180° C ± 2° C
i 7. Desiccator

8. Analytical balance
! 9. Deionized water
t

^ Notes:

• 1 Interferences: ^-^ples with high concentrations of bicarbonate, Ca, Mg, Cl, and
804 will require prolonged drying, desiccation, and rapid weighing.

i 2. Total residue should be < 200 mg. Excessive residue ( > 200 mg) is difficult to dry
thoroughly. Use a smaller volume if TDS is suspected to be high; likewise use a
larger volume if TDS is suspected low.

3. Groundwater samples which have already been filtered through a 0.45 micron
membrane filter do not need to be carried through the filtration step of the

i procedure.

Procedure:
4

' 1. All glassware is to be soap and water washed, tap rinsed and deionized rinsed prior
to analysis.

[WETCONT-705] TDSC2-1



2. Evaporating Dish Preparation: If volatile dissolved solids are also to be analyzed,
1 prepare the evaporating dishes by washing at 550 ± 50°C for one hour in a muffle
i furnace.

, Otherwise, heat the dishes at 180 ± 2°C for one hour. Cool in desiccator. Weigh.
; Record the weight The dishes must be cool before being weighed (about one hour).
' Repeat this cycle until a constant weight is obtained (± 03 mg).

' 3. Filter Preparation: Place the glass fiber filter on the filtration support, place the
J funnel on top, and wash the filter with three 20 mL portions of deionized water

while vacuum is applied. Discard the washings. The filters may be prepared ahead
! of time. If this is the case, dry them for 1 hour at 103 - 105 °C and store in the
i desiccator until needed.

• 4. Assemble the filtering apparatus, place a prepared filter on the support and begin
j suction. Shake the sample and measure out 100 mL in graduated cylinder.

5. Pour sample into filtering apparatus. Apply vacuum until all the sample has been
; filtered.

6. Pipet 50 mL of the filtrate (less, if the sample is expected to have a high dissolved
• solids content) into a prepared evaporating dish.

<
7. Evaporate the sample to dryness in the oven at 180 ± 2°C. Cool in a desiccator for at

j least one hour and weigh. Repeat the drying cycle until the weight loss is < 0.5 mg.

Quality Control:

1. Duplicate 1 out of 10 samples. If less than 10 samples are analyzed, a duplicate is
still required. Duplicates should be within acceptable ranges.

• 2. A blank must be analyzed with every set of samples. (This is a check on
contamination, cleanliness of dishes, oven, pipettes, etc.)

3. An EPA or ERA reference standard must be analyzed at the beginning of each
analytical run.

'. Calculations;

TDS, mg/L = (A-B) x 1000000
• C

Where A = weight of dish plus residue (g)
. B = weight of dish (g)
; C = volume of filtered sample used (mL)

[rff-wetcont-705]
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i Effective Date /~

, AMMONIA NITROGEN

i
Scope and Application: This method is applicable to the determination of

I ammonia-nitrogen in drinking water, surface water,
1 groundwater, sludges, soils, and industrial wastes.

I Method: Micro-distillation, Colorimetric
1 Reference: EPA, 1983, Method 350.2

? Detection Limit: 0.10 mg/L for aqueous samples
1 5.00 mg/kg for soils and sludges

I 'otimum Range: 0.10 - 2.00 mg/L for aqueous samples
5.00 - 100 mg/kg for soils and sludges

. —Sample Handling: Acidify aqueous samples with concentrated sulfuric acid to
1 pH <2 and refrigerate at 4°C. Refrigerate soils and sludges
i at 4°C. Analyze within 28 days of sampling.

: Reagents and Apparatus:
1 1. Kjeldahl flasks, 100 mL
, 2. Keeney distillation apparatus
i 3. Spectrophotometer, set at 425nm with sipper cell
i 4. Erlenmeyer flasks, 50 mL

5. Sulfuric acid, concentrated
) 6. Milli-Q water
j 7. pH meter, 0.1 pH unit sensitivity

8. Volumetric glassware, Class A (pipets and flasks)
- 9. Top loading balance, O.Olg sensitivity
. 10. Graduated cylinders, 50 mL

• 11. Mixing cylinders, 50 mL
12. Ammonium chloride (NĤ l)
13. Boric acid (HsBCh)

, 14. Mercuric iodide (Hgl?)
15. Potassium iodide (KI)

T 16. Sodium hydroxide (NaOH)
; 17. Sodium tetraborate 3̂26407-10̂ 0)

18. Sodium thiosulfate (NapS^-S^O)
19. Analytical balance, O.OOOlg sensitivity

• 20. 150 mL beaker
i 21. Stir bars and stir plate

• Reagent Preparation: (Prepare fresh every 6 months, unless otherwise stated).
J 1. Ammonium chloride stock solutionflOOO mg/L): In a 1 liter volumetric

flask, dissolve 3.819g NH/jCl in approximately 300 mL Milli-Q water and
' bring to volume. Preserve with ̂ $04 to a pH<2. Refrigerate.

[INORGSOP]
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Ammonium chloride standard solution (10 mg/U: Dilute 10.0 ml of the
ammonium chloride stock solution to 1 liter with Milli-Q water in a
volumetric flask. Preserve with ̂ $04 to a pH<2. Prepare monthly.
Refrigerate.

Boric acid solution: Dissolve 20. Og ̂ 803 in Milli-Q water and dilute
to 1 liter in a volumetric flask.

Ness! er reagent: Dissolve lOOg of mercuric iodide and 70g of potassium
iodide in about 200 ml of Mill-Q water. Add this mixture slowly, while
stirring to a COOLED solution of 160g NaOH in 500 ml Milli-Q water.
Dilute the mixture to 1 liter. Store in a Pyrex bottle and keep out of
direct sunlight. Refrigerate. NOTE: Commercially available.

Sodium hydroxide (IN): Dissolve 40g of NaOH in Milli-Q water and
dilute to 1 liter.

Sodium hydroxide (0.1N): Dilute 100 ml of IN NaOH to 1 liter with
Milli-Q water.

Sodium tetraborate solution f0.025M): Dissolve 9.5g of
or 5.0g anhydrous Na2B40y in Milli-Q water and dilute to 1 liter.

8. Borate buffer: Add 88 ml of 0.1N NaOH solution to 500 ml of 0.025M
sodium tetraborate solution. Dilute to 1 liter with Milli-Q water.

9. Sodium thiosulfate H/70N): Dissolve 3.5g Na2S20v5H20 in Milli-Q
• water and dilute to 1 liter, (1 ml of this solution will remove 1 mg/L
' of residual chlorine in 500 ml of sample).

' NOTES:

1. Residual chlorine must be removed prior to distillation by pretreating
i the sample with sodium thiosulfate solution.

2. Pre-steam the distillation apparatus with 10% NaOH before use.

3. Cyanate and some volatile alkaline compounds may cause an off-color
i nesslerization. This off-color can be eliminated by boiling the sample

at a low pH (pH 2-3) to drive off the compound. This should be done
i prior to the distillation step.

Procedure: Sample must be homogenized prior to analysis to ensure a
representative sample aliquot.

i Distillation:

i 1. All glassware is to be soap and water washed, tap water rinsed, and
j Milli-Q water rinsed prior to use.
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* 2. The reservoir should be 2/3 full with Milli-Q water. Add a few boiling
chips. Add sulfuric acid to reservoir to bring to a pH <2. Turn on

j the heater. Set heater control to HIGH. Allow the steam reservoir to
^ heat up. This unit will take about 45 minutes to heat-up. Turn the

heater control to about a setting of 8 and bring to boiling. Analysis
, can begin once boiling begins.

* 3. Prepare the distillation apparatus as follows: Steam out the
distillation apparatus with a 10% NaOH solution. Turn on water and
continue until 40 mL has been distilled.

•.
4. Aqueous samples:

! Place 50 mL or an aliquot of sample diluted to 50 mL in a 150 mL
1 beaker. Record the volume used. Add IN NaOH while stirring very

slowly until the pH is 9.5 ±0.1 using pH meter.
I
; To spike: Place 50 mL sample and 5 mL of the 10 mg/L ammonia standard

into a beaker, adjust pH to 9.5 ±0.1 and continue with procedure.
; - Final spike level is 1.0 mg/L.

Non-aqueous samples:

| Place approximately l.Og in a 150 mL beaker. Record weight used. Add
] 50 mL Milli-Q water and adjust the pH with IN NaOH, while stirring

slowly, to pH 9.5 ±0.1 using pH meter.
i
{ To spike: Place l.Og sample, 5 mL of the 10 mg/L ammonia standard in
1 the beaker. Add 50 mL Milli-Q water, adjust pH, and continue with

procedure.

i 5. Transfer the pH-adjusted sample to a 100 mL Kjeldahl flask. Add 2.5 mL
of borate buffer.

* "•••'• 6. Add 5 mL of boric acid to a 50 mL Erlenmeyer flask and place flask at
the condenser outlet with the tip of the condenser immersed in the
boric acid.

f

i 7. Connect the Kjeldahl flask to the distillation apparatus and secure
with springs.

1
I 8. Close the stopcock on the condensation chamber. Close the drain
1 stopcock. The steam will now pass through the Kjeldahl flask.

1 9. Steam distill 30-40 mL at a rate of 4-5 mL/min.

10. Rinse tip of condenser into erlenmeyer flask, remove the erlenmeyer
i flask.

11. Rinse the tip of the condenser and steam outlet into a waste beaker.
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!
\ 12. Continue distilling remaining samples, blanks and standards. When all
i samples, blanks and standards are distilled, the colorimetric

determination can be performed.

! Colorimetric Determinates:

1. Prepare the following series of blanks and standards in 50 ml mixing
cylinders containing 5 mis of boric acid solution (These do not need to
be taken through the distillation step).

I

ml of 10 mg/L
ammonium chloride

solution "

0
0.5
1.0
2.0
5.0
10.0

Dilute
to

50 mL
50 mL
50 mL
50 mL
50 mL
50 mL

Concentration
(m/l)

BLANK
0.10
0.20
0.40
1.00
2.00

; 2. Add 2.0 ml of Messier reagent to the blank and standards. Stopper and
j mix by inverting several times.

3. After 20 minutes, read the absorbances on the spectrophotometer set at
! 425nm using the sipper cell. Zero the spectrophotometer to the reagent
* blank.

4. Transfer distilled samples to 50 ml mixing cylinders and dilute to
50 ml with Milli-Q water. Mix.

5. Determine the ammonia in the distillate as follows:

• Transfer 25 ml of distillate, or an aliquot diluted to
25 mL, to a mixing cylinder.

] -' • Add 1 ml of Nessler reagent and mix by inverting several times.

• After 20 minutes, read the absorbance as described in Step 3.

Calculations:

1. Aqueous Samples:

a. Calculate using linear regression.

! b. Multiply in any dilution factors performed in the distillation and
I colorimetric steps to obtain the final result in mg/L.

1
, [INORGSOP]
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2. Non-Aqueous Samples:

) a. Calculate using regression to obtain a mg/L value.
1 b. Multiply in any dilution factor performed in the colorimetric step

(mg/L).
i

: c. Multiply result obtained from "Step b" by 50 and divide by grams of
sample used to obtain the final result in mg/kg.

!

I Quality Control:

t 1. Establish a standard curve with the standards listed above plus a blank.
I Record the absorbance check standards (1.00 mg/L) in the absorbance check

book. The absorbances should remain consistent from run to run. If not,
necessary troubleshooting must be performed before continuing (check
wavelength, spectrometer bulb, solutions, etc.).

2. A distilled blank, standard (1.00 mg/L), and known reference standard are
— to be analyzed at the beginning of the analytical run. The standards

must be within acceptable ranges and the blank less then the detection
• limit, or troubleshooting must be performed.

• 3. A quality control calibration standard of 1.00 mg/L and a blank are to be
analyzed, initially and after every 10 samples. This standard does not
need be carried through the distillation procedure. The last samples
analyzed in the run are to be the calibration standard and blank. These

• standards must be within the acceptable ranges (± 10% of the true value)
1 or the samples run after the last acceptable check standard are to be

reanalyzed.
4

4. Duplicate and spike a minimum of 1 out of 10 samples. If less than 10
• samples are analyzed, a duplicate and spike are still required. Spike

..">.- recoveries and duplicate results are to be within acceptable ranges, or
'":,' data must be flagged appropriately.
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Effective Date 1-

! TOTAL KJELDAHL NITROGENi

] Scope and Application: This method is applicable for the determination of
| total kjeldahl nitrogen in drinking water, surface

water, groundwater, domestic and industrial
, wastewaters. Soils, sludges and solid waste samples
I may also be analyzed by this method.

Method: Micro-digestion, micro-distillation, colorimetric

j Reference: EPA 1983, Method 351.3.

Detection Limit: 0.10 mg/L or aqueous samples
i 5.00 mg/kg for non-aqueous samples

Sample Handling: Acidify aqueous samples with concentrated H^SOd to pH <2 and
\ refrigerate at 4*C. (Non-aqueous samples should be
j refrigerated at 4°C.) Analyze samples within 28 days of

collection.

j Reagents and Apparatus:
*

1. Mercuric oxide, red (HgO)
\ 2. Sulfuric acid, concentrated
j 3. Potassium sulfate (K?S04)

4. Sodium hydroxide (NaOH)
j 5. Sodium thiosulfate (Na2$203'
i 6. Micro kjeldahl digestion apparatus

7. Milli-Q water
8. Boiling chips

! 9. Volumetric glassware (flasks and pipets)
: 10. 100 mL Kjeldahl flasks

11. Wide-mouth pipets
12. Graduated cylinders, 50 mL
13. Keeney distillation apparatus
14. Spectrophotometer, set at 425nm with sipper cell
15. Erlenmeyer flasks, 50 mL

J 16. pH meter, 0.1 pH unit sensitivity
* 17. Top loading balance, O.Olg sensitivity

18. Mixing cylinders, 50 mL
, 19. Ammonium chloride (WtyCl)
; 20. Boric acid 3̂803)
' 21. Mercuric iodide (Hgl?)

22. Potassium iodide (KI)
' 23. Analytical balance, O.OOOlg sensitivity

Reagent Preparation: (Prepare fresh every 6 months, unless otherwise stated.)

1. Mercuric sulfate solution: Dissolve 4.0g red HgO in 25 mL of 1:4
sulfuric acid (5 mL cone. H2S04:20 mL Milli-Q water) and dilute to
50 mL with Milli-Q water.
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2.

3.

4.

5.

6.

7.

Digestion solution: Dissolve 133.5g K2S04 in 650 ml M i l l i - Q water and
200 mL cone. HpSO^. Add 25 ml of mercuric sulfate solution and dilute
to 1 liter witn Milli-Q water. Store at room temperature in glass to
prevent crystallization. If crystals do form, heat slowly, while
stirring, to dissolve.

Sodium hydroxide-sodium thiosulfate solution:
25.Og Na2S203«5H20 in Milli-Q water and dilute
solution becomes very hot. Store in a plastic

Dissolve 500g NaOH and
to 1 liter. Caution -
bottle.

Ammonium chloride stock solution (1000 mg/U: In a liter volumetric
flask, dissolve 3.819g NH^jCl in approximately 300 ml Milli-Q water and
bring to volume. Preserve with $̂04 to a pH <2. Refrigerate.

Ammonium chloride standard solution (10 mq/L): In a volumetric flask,
dilute 10.0 ml of the ammonium chloride stock solution to 1 liter with
Milli-Q water. Preserve with H2S04 to a pH <2. Prepare monthly.
Refrigerate.

Boric acid solution: In
Milli-Q water and dilute

a volumetric flask, dissolve 20.Og ̂ 863 in
to 1 liter.

Messier reagent: Dissolve lOOg of mercuric iodide and 70g of potassium
iodide in about 200 ml of Milli-Q water. Add this mixture slowly,
while stirring to a COOLED solution of 160g NaOH in 500 ml M i l l i - Q
water. Dilute the mixture to 1 liter. Store in a Pyrex bottle and
keep out of direct sunlight. Refrigerate. Note: Also commercially
available.

Sodium hydroxide (IN):
to 1 liter.

Dissolve 40g NaOH in Milli-Q water and dilute

10.

NOTES:

1.

2.

3.

Nicotinic acid stock solution HOOP mq-N/L): Dissolve 8.788g in 900 ml
Milli-Q water, add 2 ml H2S04 and dilute to 1 liter. Refrigerate.

Nicotinic acid standard solution (50 mq-N/L): In a 100 mL volumetric
flask, dilute j.U mL of the nicotinic acid stock solution to 100 mL
with Milli-Q water. Refrigerate.

High nitrate concentrations (10 times or greater than of the TKN level)
result in low TKN values. Dilute samples and spike if nitrate
interferences are expected.

The distillation unit can occasionally build up with mercury. Wash the
distillation unit with 10% HCL to prevent build-up in the tubes.

Contamination can be a problem. Be sure to wash all glassware and
apparatus thoroughly and rinse with Milli-Q water prior to use.

[INORGSOP]
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Procedure: Sample must be homogenized prior to analysis to ensure a
representative sample aliquot.

' A. Digestion:i
1. All glassware must be soap and water washed, tap water rinsed and

Milli-Q water rinsed prior to use.

2. Prepare the following series of blanks and standards. These standards
are to be taken through the distillation step.

i ml of 10 mg/L
ammonium chloride Dilute Concentration

r solution to (mq/L)

0 50 ml BLANK
2.0 50 ml 0.40
5.0 50 ml 1.00
7.0 50 mL 1.40
10.0 50 mL 2.00

3. Aqueous samples: Measure out 50 mL sample (or an aliquot diluted to
' 50 mL if elevated TKN levels are expected) into a 100 mL Kjeldahl

flask. Record the volume used.

To spike aqueous samples: Measure 50 mL sample and 1.0 mL of the
50 mg/L nicotinic acid standard and proceed. Final spike level is 1.0
mg/L.

Non-aqueous samples: Weigh out approximately l.Og sample into a 100 mL
Kjeldahl flask. Record weight used. Add 50 mL Milli-Q water.

; To spike non-aqueous samples: Weigh out approximately l.Og sample, add
1.0 mL of the 50 mg/L nicotinic acid standard and proceed. Record
weight used.

4. Add 10 mL of digestion solution to the kjeldahl flask using a 10 mL
wide-mouth pipet. Add 3-5 boiling chips.

5. Place flask on micro Kjeldahl digestion apparatus and digest until
dense, white $03 fumes are given off and the solution turns colorless
or straw yellow. Digestion must be performed in the hood! Digest the
samples with the digestion apparatus set at 3-4.

6. Digest for 30 minutes after the appearance of $03 fumes.

7. Cool and add 30 mL Milli-Q water. Cap with parafilm if not distilling
immediately.

I 8. Proceed to the distillation portion of the procedure.

[INORGSOP1
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I B. Distillation:
4 1. All glassware is to be soap and water washed, tap water rinsed, and

Milli-Q water rinsed prior to use.

2. The reservoir should be 2/3 full with Milli-Q water. Add a few boiling
chips. Add sulfuric acid to reservoir to bring to a ph <2. Turn on
the heater. Set heater control to HIGH. Allow the steam reservoir to

' heat up. This will take about 45 minutes. Turn the heater control to
i about a setting of 8 and bring to boiling. Analysis can begin once

water is boiling.

' 3. Preparation of the distillation apparatus: Steam out the distillation
; apparatus with a 10% NaOH solution. Turn on water and continue until

40 mL has been distilled.

4. Add 5 mL of boric acid to a 50 ml Erlenmeyer flask and place at the
condenser outlet with the tip of the condenser immersed in the boric

-^ acid.

5. Connect the Kjeldahl flask to the distillation apparatus and secure
with springs.

6. Fill the NaOH chamber to the 10 ml mark with NaOH/thiosulfate solution.
Slowly lift glass stopper to allow solution to run down tube and into
sample distillation flask. Stop flow if "neutralizing action" becomes
too vigorous or siphoning back of receiving solution occurs. Replace

i glass stopper in chamber.

, 7. Close the stopcock on the condensation chamber. Close the drain
: stopcock. The steam will now pass through the Kjeldahl flask.
i

8. Steam distill 30-40 mL at a rate of 4-5 mL/min.
-».'.•

» / ' '

9. Rinse tip of condenser with Milli-Q into erlenmeyer flask, remove the
^_ erlenmeyer flask.

10. Rinse the top of the condenser and steam outlet into a waste beaker.
(

11. Continue distilling remaining samples, blanks and standards. When all
samples, blanks and standards are distilled, the colorimetric
determination can be performed.

C. Colorimetric Determination:
?

i 1. Transfer distilled blanks, standards and samples to 50 mL mixing
' cylinder and dilute to 50 ml with Milli-Q water. Mix.

' 2. Determine the TKN in the distillate colorimetrically as follows:

• Pour 25 mL of distillate or an aliquot diluted to 25 mL in a
mixing cylinder.
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• Add 1 ml of Nessler reagent. Stopper and mix by inverting several
times.

. After 20 minutes, using the sipper cell read the absorbances on the
spectrophotometer set at 425 nm. Zero the spectrophotometer to the
distilled reagent blank.

Calculations:

1. Follow the calculations as stated in the ammonia nitrogen SOP. Make
sure to calculate any digestion dilution into the final result to
obtain the TKN value.

Quality Control:

1. Establish a standard curve with the standards listed above plus a
blank. Distill the standard curve and blank. Record the absorbance
check standard (1.00 mg/L) in the absorbance check book. The
absorbances should remain consistent from run to run. If not,
necessary troubleshooting must be performed before continuing (check
wavelength, spectrometer bulb, solutions, etc.).

2. A digested/distilled blank and standard (1.00 mg/L), blank, and known
reference standard are to be analyzed at the beginning of the
analytical run. The standards must be within acceptable ranges and the
blank less than the detection limit or troubleshooting must be
performed.

3. A quality control calibration standard (1.00 mg/L) and a blank are to
be analyzed, initially and after every 10 samples. The standard and
blank need to be carried through the digestion/distillation procedure.
The last samples analyzed in the run are to be the calibration standard
and blank. These standards must be within the acceptable ranges (± 10%
of the true value) or the samples run after the last acceptable
standard are to be reanalyzed.

4. Duplicate and spike a minimum of 1 out :f 10 samples. If less than 10
samples are analyzed, a duplicate and spike are still required. Spike
recoveries and duplicate results are to be within acceptable ranges, or
data must be flagged appropriately.
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! Effective Date to i-

[ CHEMICAL OXYGEN DEMAND

j Scope and Application: This method is applicable to surface water, sewage,
j wastewater, and groundwater.

Method: Dichromate reflux, Colorimetric

I Reference: EPA 1983, Method 410.4

• Detection Limit: 20 mg/L
!

* Optimum Range: 20-700 mg/L

I , Sample Handling: Preserve with sulfuric acid to a pH <2 and refrigerate at
. 4°C. Analyze within 28 days.

» ~ Reagents and Apparatus:
4 1. Dichromate - mercuric sulfate-sulfuric acid digestion solution

2. Silver sulfate-sulfuric acid catalyst solution
| 3. COD standard solutions
j 4. Block digester, set at 150'C

5. 16 x 100 mm culture tubes with teflon lined screw caps
I 6. Eppendorf macropipetter, 0-5 mL

7. Spectrophotometer, set at 600 nm wavelength with sipper cell
8. Eppendorf microliter pipetter, 10-100 uL
9. 2 Repipette Dispensers, 1000 ml

| 10. De-ionized water
<

Reagent Preparation: (Prepare fresh every 6 months, unless otherwise noted.)

' 1. Digestion solution: Add 10.2 g of dried potassium dichromate (K
33.3 g of mercuric sulfate (HgS04) and 167 mL of concentrated H2^04~tb
about 500 mL of DI water; dilute to 1000 mL in a volumetric flask and

| stir until dissolved. Store in a dark place.
i

2. Silver sulfate-sulfuric acid catalyst solution: Add 22.0 g of silver
sulfate (Ag2S04) to a 2.5L bottle of cone. ̂ $04. Stir to dissolve.

1 3. COD stock standard. 1000 mq/L: Carefully weigh 0.8500 g of dried
potassium acid phthalate (KHP), dissolve in DI water and dilute to

i 1 liter in a volumetric flask. Preserve the stock solution with H2S04
i (2 mL cone. ^04 / L of solution). Refrigerate.

j 4. Working COD standards: (Prepare fresh monthly and refrigerate.) All
working standards should be preserved with ̂ $04, (0.2 mL cone. hbSC^ in

' 100 mL).

' A. 700 mq/L standard: To a 100 mL volumetric flask, add 70 mL of
i 1000 mg/L stock standard and dilute to the mark with DI water.
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B. 300 mq/L COD standard: To a 100 mL volumetric flask, add 30 ml of
1000 mg/L stock standard and dilute to the mark with DI water.

C. 100 mq/L COD standard: To a 100 ml volumetric flask, add 10 ml of
1000 mg/L COD stock standard and dilute to the mark with DI water.

D. 50 mq/L COD standard: To a 100 ml volumetric flask, add 5 ml of
1000 mg/L COD stock standard and dilute to the mark with DI water.

E. 20 mq/L COD standard: To a 100 mL volumetric flask, add 2 mL of
1000 mg/L COD intermediate standard and dilute to the mark with DI water.

Notes

1 1. If a dark green or turquoise color occurs when sample is added or when
* the tube is being heated; the sample is over the upper limit of the

curve and must be diluted and redigested.

| 2. Interference: Chlorides represent a positive interference. Mercuric
sulfate is added to the digestion tubes to complex the chloride.

? Mercuric sulfate can complex up to 2,000 mg/L chloride before reacting
; with dichromate in the sample. If chloride exceeds 2,000 mg/L, dilute
1 the sample.

! 3. Reagents are corrosive and toxic. Avoid skin contact.

4. Store standards in the refrigerator.

I 5. Store the dichromate solution and prepared tubes in the dark.

Procedure:

: 1. All glassware is to be soap and water washed, tap rinsed and DI water
rinsed prior to analysis. Rinse digestion tubes and caps with DI water

, ''•"•;• prior to use. Caps deteriorate over time. Discard caps after 3 uses.

2. Into each tube, pipet exactly 1.5 mL of COD digestion solution, using
repipetter dispenser.

j 3. Using the repipettor dispenser, pipet down the side into each tube
exactly 3.5 mL of the silver sulfate-sulfuric acid solution. Avoid any

, mixing with the digestion solution. These tubes may be stored, with
I caps having teflon liners, indefinitely. Store in the dark!

4. Prepare a standard curve consisting of the following standards: 0, 20,
* 50, 100, 300, and 700 mg/L COD.
i

The standards are carried through the digestion step.

* 5. Analyze an initial calibration standard, a blank, and a reference
f standard at the beginning of each run.
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| 6. Using the Oxford 0-5 ml pipet, add 2.5 mL of sample, standard, or blank
; to the tube. Be careful to avoid air bubbles in the pipet tip and to

eject all of the sample. Cap tubes tightly and mix by inverting 10-12
, times.
i To Spike: In a disposable cup, place 2.5 ml sample, add 2.5 mL of the

300 mg/L standard. Mix well. Use 2.5 ml of this mixture for the
? spiked sample analysis.
i

7. Place tubes in a block heater at 150°C for 2 hours. Block heater
should be preheated at least 1 hour prior to use.

4 8. Remove tubes from block heater. Cool to room temperature. Using the
sipper cell, read the absorbance on spectrophotometer, set at 600 nm.

' Samples can be stored in refrigerator overnight and read the next day.
i Do not shake tubes. Be very careful not to aspirate any of the

precipitate in the bottom of the tube. Initially zero with the blank
standard.

Quality Control:

; 1. Establish a standard curve with the standards listed above plus a
blank. Record the absorbance check standard in the absorbance check
book. The absorbances should remain consistent from run to run. If

. not, necessary troubleshooting must be performed before continuing
(check wavelength, spectrophotometer bulb, solution, etc.)

i
2. A quality control calibration standard of 100 mg/L COD and a blank are

: to be analyzed, initially and after every 10 samples. If less than 10
samples are analyzed, a calibration standard and blank are still
required. The last samples analyzed in the run are to be the
calibration standard and blank. These standards must be within the
acceptable ranges or the samples run after the last acceptable check
standard are to be reanalyzed.

•"''•'• 3. Duplicate and spike a minimum of 1 out of 10 samples. If less than 10
samples are analyzed, a duplicate and spike are still required. Spike
recoveries and duplicate results are to be within acceptable ranges, or
data must be flagged appropriately.

Calculation:

1. Calculate using linear regression.

To Calculate Spike:

(2Hspike value) - (sample value) x 100
% Recovery = 300
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j AUTOANALYZER

' Scope and Application: Ions can be readily analyzed by a flow-injection
autoanalyzer. The flow injection design gives the
system excellent washout characteristics, to prevent

| carry over and cross contamination. The autoanalyzer
1 is generally more sensitive and accurate than the

manual wet-chemistry techniques.

! Method: Flow injection

References: Lachat Instruments, 1986.
<
i Sample Handling: See separate SOP's for requirements.

Reagents and Apparatus:

1. Lachat 3-channel autoanalyzer
2. Stock and standard ion solutions
3. Class A volumetric flasks
4. Class A volumetric pipets
5. Milli-Q water
6. Required interference filters

| 7. Disposable 4 ml cups
i 8. Automatic sampler

9. Proportioning pump
10. Injection module
11. Colorimeters

i 12. Manifolds
13. Columns - if needed

I 14. Helium gas
15. Computer

1 16. Printer

Procedure:

A. Instrument Set-Up

; 1. Depress red power switch on power strip located behind the computer
terminal. This will turn on the computer, the screen, and the
printer.

2. Depress red power switch on rear power strip on Lachat system.

3. Select manifold and make appropriate hydraulic connections.

' Hydraulic connections:
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1 a. Use correct sample loop length to connect. Lines 1, 4.

i b. Line 2 is carrier line.
4 c. Line 3 goes to manifold.

' d. Line 5 goes to waste container.
*

e. Line 6 comes from sample probe.

f. Connect manifold to flow through cell.

Tension levers should be up when pump tubing is inserted. Snap pump
I tubing cartridges into place.

4. Insert correct filter.

5. Pump Milli-Q water through lines for 5 minutes by depressing the
pump ON button. Check for leaks.

6. Computer - At the C> type in "quikcalc". This calls up the Lachat
software and puts you at the master menu. Press <enter>.

i

7. Put lines into reagents and/or degassed Milli-Q water.

', 8. Computer - Select "Load/Stop Background Method" on the master menu.
Press <enter>.

T

9. Select appropriate method. Press <enter>.
i

10. Printer should be set at FONT 0.
T

i 11. Pump reagents until a steady baseline is achieved.

, r-.v 12. When using a method with a column (SO* or N03), the column may be
inserted at this point. See method SOP's for more details.

13. For each analytical channel, adjust zero knob so that the baseline
is near the bottom of the screen (between .000 - .030).

14. Adjust gain while injecting top standard.

a. Place autosampler probe into the highest standard bottle.
t

b. After 20-30 seconds, press cycle button on front panel so that
LED light is red. This is the load position.

i1 c. After 25 seconds (or less depending on sample loop size), press
cycle button so that LED light is green. This is the inject

! position.
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T
!

d. Adjust gain knob on detector so that peak reading on the
I colorimetric is 1.700-1.950.

e. Repeat until gain is properly adjusted.

.

•

I

f. Wipe probe and replace the autosampler probe into the sampler.

15. Select menu item by going into foreground. (Press and hold Alt
key, then press Esc Key).

a. Select "Sample Tray Information and Start Analysis" on master
menu. Press <enter>.

\ b. Press <enter> or type in sample tray reference number if it is
a tray which has already been typed in.

I c. Enter tray ID and operator. Check "Display Standards Position
» in Tray" to insure the tray is set-up properly.

» d. Select "Enter Sample ID's". Press <enter>.
j
* e. Type in sample information. Check standards will automatically

be placed in the tray information portion.

f. Press Esc once to return to menu.

. 16. Put tray with samples in appropriate cup locations on autosampler.
! Position try to the cup containing standard A (usually #35 or so).
* Select "Start Analysis." Press <enter>.

j 17. The second screen will ask if the tray has standards or not. If
| you standardized the first tray of the run and all the check

standards are within QC ranges, recalibration for the next tray is
•'; '.•"'• not necessary. Select appropriate option. Press <enter>.

i 18. Press Alt, Esc keys together, to get back to background to view the
calibration peaks.

J After calibration is complete:

- go into the foreground (Press Alt, Esc keys)

j - select "display calibration graph" (Press <enter>)

« - review the data

' - return to the background (Press Alt, Esc keys)
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- press "G" for good calibration. Analysis will continue.

- press "R" for re-calibration. Remember to refill standard
cups and reposition sample tray before pressing "R"!

B. Instrument Shut-Down

1. Press Alt/Esc keys to get to the foreground. Select "Load/Stop
Background Method". Press <enter>. To question-"Stop background
(Y/N)?" Press "Yes". Press Esc key to return to main menu.

2. If column is used, stop the pump and disconnect from manifold.

3. Pull lines from reagents into a wash beaker of D.I..

4. Pump D.I. through lines for 2-5 minutes.

5. Pump air through lines until manifold is dry.

6. Turn off pump.

7. Release tubing cartridges and lower tension levers. Release
tubing.

8. Turn off main switch on rear power strip.

9. Empty and rinse waste containers, if necessary.

10. Perform back-up on current data files, once a week. (See
Section C)

11. Turn off the computer and printer.

C. Backing-up the Data Files

1. Exit to DOS

2. At C> Type: cd\fialab\data Press <enter>

3. At C> Type: copy *.rpt a: Press <enter>
After everything is copied - remove disc.

4. At C> Type: del *.* Press <enter>

5. Are you sure (Y/N)? Type: Y Press <enter>

6. At C> Type: cd\ Press <enter>

7. Turn off the red switch on the computer power strip to turn off the
computer, printer and screen.
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D. Quikchem Calibration

QuikCalc II uses a calibration technique called multisegment linear
fitting which gives extensive flexibility to the user. It allows the
calibration curve to be defined in terms of individual linear segments
which can span each of several standards. Following processing of the
calibration standards, a correlation coefficient is calculated for each
segment with more than two standards or replicates. It provides
important statistical information about each segment and gives the user
a nigh degree of confidence in the determined sample values. See
Figure 1.

[C-AA-A]
LAAC-5



_„_ Un. ..'•-. (».. :.i /: • ̂  L-;
y.L si- .1 L.--.OI

'FIGURE i /

10 '

Cli:nn^ 1!
T
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Effective

ALKALINITY - AUTOANALYZER
i

' Scope and Application: This method is applicable to drinking water, surface
water, groundwater and wastewater.

i Reference: EPA 1983, Method 310.2
Lachat Instruments 1986, Method 10-303-31-1-C

' Sample Handling: Refrigerate at 4°C and analyze within 14 days of collection.

Detection Limit: 5.0 mg/L as CaC03

i Optimum Concentration Range: 5.0 - 500 mg/L

} ""• Instrument Conditions:
i .,.,•

1. Pump speed: 35
2. Cycle period: 60 seconds

i 3. Load period: 30 seconds
i 4. Inject period: 15 seconds

5. Inject to start of peak period: 10 seconds
5 6. Inject to end of peak period: 56 seconds
: 7. Gain: 150 x 10

8. Zero: 180
9. Interference filter: 410 nm

] 10. Sample loop: 90 cm
J 11. Standards for curve set-up: 0, 20.0, 50.0, 100, 250, 500 mg/L.

! Reagent Preparation: (Prepare fresh every 6 months, unless otherwise stated.)

1. Degassed Milli-Q water - 2 options:

.; '^J a. Boil Milli-Q water vigorously for 5 minutes. Cool and store in
'' cubitainer.

1 b. Bubble helium, using the fritted gas dispersion tube, through the
\ Milli-Q water (15 min/20 L.) Store in cubitainer.

2. Stock alkalinity standard (1000 mg/L as CaCCh): In a 1 liter
; volumetric flask, dissolve 1.060 g of anhydrous primary standard grade

sodium carbonate (Na2C03~dried at 250*C for 4 hours) in approximately
900 mL of helium purged Milli-Q water, and dilute to mark.
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* 3. Standards: (Prepare fresh every 2 months). Dilute to volume using
* degassed Milli-Q water. Refrigerate.

3 Concentration Letter Volume of Dilute
I of Standard Identifier Alk. Stock to

, 0 mg/L A 0 200 ml
20.0 mg/L B 4.0 200 mL

* 50.0 mg/L C 10.0 200 mL
100 mg/L D 50.0 500 mL

{ 250 mg/L E 125.0 500 mL
i 500 mg/L F 100.0 200 mL

, NOTE: Final volumes are not the same!
, Computer refers to standards by letter.
i

4. Sodium hydroxide (0.1MV. In a 1 liter flask, dissolve 4.0 g sodium
7 hydroxide (NaOH) and dilute to the mark with Milli-Q water.

5. Hydrochloric acid (0.1W: In a 1 liter flask, dilute 8.3 mL of
, - concentrated HCL in Milli-Q water and dilute to the mark.

i 6. KHP buffer (0.025 M. pH 3.1): In a 1 liter flask, dissolve 5.10 g of
potassium acid phthalate (KHP) (KHCiHaO^ in approximately 500 mL of

I helium purged Milli-Q water. Add 87.b mL of 0.1M HCL and dilute to the
\ mark. Adjust the pH of the buffer to 3.1 with 0.1M HCL or 0.1M NaOH.

Vacuum filter through a 0.45 micron membrane filter before each use.
. STORE IN GLASS AND PREPARE MONTHLY I

1 7. Methyl orange reagent: In a 1 liter volumetric flask, dissolve 0.125 g
of methyl orange indicator in about 700 mL of Milli-Q water and dilute to

J the mark. Mix well and vacuum filter through a 0.45 micron membrane
! filter before each use. Store in amber glass! NOTE: Amount of methyl

orange may be adjusted to correct for variances in lots of methyl orange.
t '. '••'.:• -

Notes:

1. Samples must be diluted to obtain concentrations within the optimum
\ working range.
t

2. The gain and zero settings are guidelines and must be optimized each day.

3. The alkalinity standards can be combined with chloride and sulfate
' standards for use with the 3 channel method.

' 4. Turbidity will interfere. Samples must be filtered prior to analysis,
i (Use Whatman #1 or #4 filter paper.)

j 5. Color will interfere, dilute the sample and also spike the dilution to
! confirm the quality of the result.
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} System Operation:

A. Refer to "Auto Analyzer Operation start-up procedure." (IOP# LAA-Section
! A).
i

B. Analyze an initial calibration standard, a blank, and a known reference
standard at the beginning of each run. The blank must be below the

I detection limit and the standards must be within required control limits
» before any samples are analyzed.

j C. Spike samples by mixing sample with an equal volume of 250 mg/L standard
] (E), for a final spike level of 125 mg/L.

D. The calibration check standard is 100 mg/L (D).
T
t

E. Refer to "Auto Analyzer shut-down procedure". (IOP# LAA-Section B).

i Quality Control:

1. Establish a standard curve with the standards listed above. The derived
concentration of each calibration must be ± 10% of the true value.

' 2. A quality control calibration standard of 100 mg/L and a calibration
blank are to be analyzed, at a minimum, after every 10 samples. If less

i than 10 samples are analyzed, a calibration standard and blank are still
| required. The last samples analyzed in the run are to be the calibration

standard and blank. These standards must be within the acceptable ranges
or the samples run after the last acceptable check standard are to be

5 reanalyzed.

3. Duplicate and spike a minimum of 1 out of 10 samples. If less than 10
| samples are analyzed, a duplicate and spike are still required. Spike
j recoveries and duplicates are to be within acceptable ranges or data must

be flagged appropriately.

i Calculation:

1. Calculate with Lachat QuikChem software, -;.. .lie concentrat'l. .r.ode, using
the IBM XT computer. See LAAC SOP for further detail.
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Effective Date ^-/- ?/>

CHLORIDE - AUTOANALYZER

Scope and Application: This method is applicable to drinking water, surface
water, groundwater and wastewater.

Reference: EPA 1983, Method 325.2
Lachat Instruments 1986, Method 10-117-07-1-B

Sample Handling: Refrigerate at 4"C and analyze within 28 days of collection.

Detection Limit: 1.0 mg/L.

Optimum Concentration Range: 1.0 - 100 mg/L

Instrument Conditions:

1. Pump speed: 35
2. Cycle speed: 30 seconds
3. Load period: 15 seconds
4. Inject period: 15 seconds
5. Inject to start of peak period: 8 seconds
6. Inject to end of peak period: 31 seconds
7. Gain: 200
8. Zero: 250
9. Interference filter: 480 nm
10. Sample loop: 20 cm
11. Standards for curve set-up: 0, 10.0, 20.0, 50.0, 80.0, and 100 mg/L Cl.

Reagent Preparation: (Prepare fresh every 6 months, unless otherwise stated.)

1. Degassed Milli-Q water - 2 options:

a. Boil Milu-g water vigorously for 5 minutes. Cool and store in
cubitainer.

b. Bubble helium, using the fritted gas dispersion tube, through the
Milli-Q water (15 min/20 L.) Store in cubitainer.

2. Stock chloride standard (1000 mq/L): In a 1 liter volumetric flask,
dissolve 1.648 g of primary grade sodium chloride (NaCl), previously
dried at 140°C, in 500 mL D.I. water. Dilute to the mark and invert to
mix. Refrigerate.
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3. Standards: (Prepare fresh every 2 months). Dilute volume using D.I.
water. Refrigerate.

Concentration Letter Volume of Dilute
of Standard Identifier Chloride Stock (ml) to

0 mg/L A 0 200 mL
10.0 mg/L B 2.0 200 mL
20.0 mg/L C 4.0 200 mL
50.0 mg/L D 25.0 500 mL
80.0 mg/L E 40.0 500 mL
100 mg/L F 20.0 200 mL

NOTE: Computer refers to standards by letter.
Final volumes are not the same!

4. Sodium mercuric thiocvanate reagent: In a 1 liter volumetric flask,
dissolve 4.17 g of mercuric thiocyanate (Hg(SCN)2) in one liter of
methanol . Invert to mix. Store in amber glass. Refrigerate.

CAUTION: Mercury is a very toxic metal. WEAR GLOVES!

5. Stock ferric nitrate reagent (0.5M): In a 1 liter volumetric flask,
dissolve 202.0 g of ferric nitrate (Fe(N03)3) • 9^0 in approximately
800 mL of deionized water. Add 25 mL of concentrated nitric acid and
dilute to one liter. Invert to mix. Refrigerate.

6. Combined color reagent: Mix 150 mL of stock mercuric thiocyanate
solution with 150 mL of stock ferric nitrate reagent and dilute to
1000 mL with deionized water. Vacuum filter through a 0.45 micron
membrane filter. Store at room temperature. Do Not Refrigerate.

Notes:

1. Samples must be diluted to obtain concentrations within the optimum
working range.

2. The gain and zero settings are guidelines and must be optimized each
day.

3. The chloride standards may be combined with alkalinity and sulfate
standards for use with the 3 channel method.

4. Any sample with turbidity must be filtered prior to analysis. (Use
Whatman #1 or #4 filter paper.) Record on data sheet.

5. Color is an interference, dilute the sample and also spike this sample
to confirm the quality of the result.
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I
I
* System Operation:

I A. Refer to "Auto Analyzer Operation start-up procedure."
i (IOP# LAA-Section A).

, B. Analyze an initial calibration check standard, a blank, and a reference
| standard at the beginning of each run. The blank must be below the IDL
» and the standards within control limits.

| C. To spike samples, mix equal volumes of sample and 80 mg/L Cl standard
| for a final spike level of 40 mg/L Cl.

. D. The calibration check standard is 50 mg/L (D).

' E. Refer to "Auto Analyzer shut-down procedure". (IOP# LAA-Section B).

J Quality Control:

1. Establish a standard curve with the standards listed above. Note that
, - the calibration curve is calculated in a "piece-wise" fashion and is
i not linear. Be sure that calibration points describe a smooth curve.

2. A quality control calibration standard of 50.0 mg/L and a blank are to
! be analyzed, at a minimum, after every 10 samples. If less than 10
j samples are analyzed, a calibration standard and blank are still

required. The last samples analyzed in the run are to be the
calibration standard and blank. These standards must be within the

i acceptable ranges or the samples run after the last acceptable check
* standard are to be reanalyzed.

| 3. Duplicate and spike a minimum of 1 out of 10 samples. If less than 10
i samples are analyzed, a duplicate and spike are still required. Spike

recoveries and duplicates are to be within acceptable ranges or data
must be flagged appropriately.

Calculation:

1. Calculate with Lachat QuikChem software, in the concentration mode,
! using the IBM XT computer. See LAA SOP for further detail.
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Effective Date 1-
I
; SULFATE - AUTOANALYZER

1 Scope and Application: This method is applicable to drinking water, surface
water, groundwater and wastewater.

! Reference: EPA 1983, Method 375.2
! Lachat Instruments 1986, Method 10-116-10-2-B

i Detection Limit: 5.0 mg/L.
4 Optimum Concentration Range: 5.0 - 200 mg/L

• Sample Handling: Refrigerate at 4CC and analyze within 28 days of collection.
i

Instrument Conditions:

• 1. Load time: 20 seconds
' 2. Inject period: 30 seconds

3. Inject to start of peak period: 9 seconds
; 4. Inject to end of peak period: 54 seconds
» 5. Cycle time: 50 seconds

6. Gain: 700
i 7. Zero: 200
\ 8. Interference filter: 460 nm

9. Sample loop: 10 cm
T 10. Standards for curve set-up: 0, 25.0, 50.0, 100, 150, 200 mg/L.

i Reagent Preparation: (Prepare fresh every 6 months, unless otherwise stated.)

| 1. Degassing with helium - 2 options:

a. Boil Milli-Q water vigorously for 5 minutes. Cool and store in
, cubitainer.

b. Bubble helium, using the fritted gas dispersion tube, through the
Milli-Q water (15 min/20 L.) Store in cubitainer.

Carrier (0.3 ppm 504): In a 1 liter volumetric flask, add 0.3 mL of
1000 ppm stock sulfate solution and dilute to mark with degassed
Milli-Q water.

Barium chloride solution (6.24M): In a 1 liter volumetric flask,
dissolve 1.526 g of barium chloride dihydrate (BaCl2'2H20) in 500 mL of
Milli-Q water and dilute to 1 liter.

Hydrochloric acid (l.ON): In a 100 mL volumetric flask, containing
approximately 80 mL of Milli-Q water, add 8.3 mL of concentrated
hydrochloric acid and dilute to the mark with Milli-Q water.

[INORGSOP]
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5. Barium - MTB color reagent: (The purity of the methyl thymol blue and
the alcohol can be critical. USE THE SOURCES STATED BELOW).

i In a dry 1000 mL volumetric flask, place 0.2364 g of methyl thymol blue
j (3', 3" bis-N, N-bis carboxymethyl )-ami no methyl thymol sulfon-ephthalein

pentasodium salt (Kodak No. 8068). Add 50 ml of barium chloride
, solution ("3" above). The solution may be used to aid in the transfer
i of the dye. Swirl to dissolve. Add 8.0 ml of the l.ON HCL solution
* ("4" above) and mix - solution may turn orange. Add 142 ml deionized

water and dilute to 1000 ml with ethanol (Aldrich 24.511.9) Mix. The
I pH of this solution should be 2.5. Prepare this solution the day
• before use and store it refrigerated in an amber bottle. NOTE: amount

of methyl thymol blue may be adjusted up/down to correct for variance in
j lots of MTB and resulting changes in method sensitivity.

6. Sodium hydroxide (50% stock solution): Cautiously dissolve 500 g of
sodium hydroxide (NaOH) in 600 ml of Milli-Q water. Cool and dilute to

: 1 liter. Store in plastic bottle. CAUTION: The solution will become
very hot!

. - 7. Sodium hydroxide (0.18 N): In a 1 liter volumetric flask, add 14.4 ml
of 50% sodium hydroxide ("6" above) to degassed Milli-Q water, and
dilute to the mark.

} 8. Buffered EDTA (for cleaning manifold): In a 1 liter volumetric flask,
1 dissolve 6.75 g ammonium chloride (NfyCl) in 500 ml DI water. Add

57 mL concentrated ammonium hydroxide and 40.0 g tetrasodium EDTA
, dihydrate. Dissolve by swirling; dilute to the mark with DI water.
i

4 9. Sulfate stock (1000 mq/L): Dry approximately 2 g of sodium sulfate
(N32S04) at 105~C for 2 hours. Cool in a desiccator. In a 1 liter

I volumetric flask, dissolve 1.479 g of the dried sodium sulfate in
i Milli-Q water and dilute to 1 liter. (1.0 mL = 1.0 mg $04).

, - 10. Working standard: (Prepare fresh every 2 months). Refrigerate.

Concentration Letter Volume of Dilute
of Standard Identifier Sulfate Standard to

! 0 mg/L A 0 200 mL
25.0 mg/L B 5.0 200 mL

i 50.0 mg/L C 10.0 200 mL
i 100 mg/L D 50.0 500 mL

150 mg/L E 75.0 500 mL
200 mg/L F 40.0 200 mL

NOTE: Final volumes are not the same!
Computer refers to standards by letter.

[INORGSOP]
S04AAC1-2



I
>

r
i Preparation of Ion Exchange Column:

« 1. Make a slurry of approximately 0.5 g of BioRex 70, 50-100 mesh ion
I exchange resin in Milli-Q water.

2. Remove one column end from the glass column. Fill the column with

!
water, then aspirate the slurry or allow it to settle by gravity to
pack the column. Take care to avoid trapping air bubbles in the column
and its fittings at this point and all subsequent operations.

] 3. After the resin has settled, replace the end fitting. To ensure a good
seal, remove any resin particles from the threads of the glass, the
column end and the end fittings. To store the column, the ends of the

j Teflon tubing may be joined with a union.
*

4. To test the effectiveness of the column, make up a standard of pure
I sodium sulfate and compare its peak height to an identical standard
] with hardness typical of the samples added. If the column is being

depleted, the standard with hardness will read lower because the
divalent cations are complexing the free MTB. The concentration of the

J standard should be mid-range. If depletion has occurred, repack the
• column with fresh resin.

!

5. Regenerating Resin: Batch regeneration is recommended because the
hydrogen form of BioRex 70 can swell considerable more than the sodium
form. Collect the used resin in a small beaker or flask. Wash with

. dilute HCL until the wash tests free of calcium and/or magnesium. This
j procedure removes the divalent cations by converting the carboxylate
' exchange group to the protonated form - COOH. Convert the resin back

to the sodium form by neutralizing with washes of 0.5M NaOH until the
j ' wash has a pH of 9 or greater. Rinse with deionized water for storage
1 or repacking. A column may be used for 3-4 trays (approximately 150

samples) before it needs to be replaced.

! Notes:I
1. Samples must be diluted to obtain concentrations within the optimum

| working range.

2. Sulfate standards may be combined with alkalinity and chloride
j standards for use with the 3-channel method.

3. The gain and zero settings are guidelines and must be'optimized each
day.

I 4. All coils (including waste coil) must be changed at least once each
quarter to prevent build-up in lines.

i

I

[INORGSOP]
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i 4. Interferences:

i - The cation exchange column removes multivalent cations. Run a mid-
j range sulfate standard containing a typical concentration of CaC03

periodically to check performance. Any decrease in peak height
should indicate the need to regenerate or replace the resin. (At

I 600 ppm CaC03, the column is good for 80 + injections.)
i

Samples with pH <2 should be neutralized. High acid concentrations
I can displace multivalent cations from the column.
i

Color will interfere. Dilute the sample and also spike the
dilution to confirm the quality of the result.

Turbidity - turbid samples may be filtered (use Whatman #1 or #4
filter paper) prior to analysis on Lachat.

Orthophosphate also forms a precipitate with barium at high pH.
Check the response of pure orthophosphate standards, if samples are

. known to be high in P04=.

« 5. Troubleshooting;

] A. Baseline noise with reagents pumping.

1. Noise with column in line but good baseline without column.

; a. Repack column, air bubbles may be causing pulsing.

b. Check flow fit connectors and end fittings on column for
1 "-v blockage or leaks.

2. Noise with and without column in line.

a. Degas carrier and/or reagents. Fine bubbles cause sharp
! spikes on baseline.

b. Place a longer piece of manifold tubing on the outlet of
1 the flow cell leading to the waste container. This method

requires the use of the screw type flow cell.

c. Replace the pump tubes. The silicone tube, used for the
color reagent, wears faster than the PVC pump tubes.

' d. With water pumping in the lines, check all hydraulic
; connections for blockages, leaks, etc.

[INORGSOP]
S04AAC1-4



B. Baseline drift.

1. Clean the manifold with the buffered EDTA.

{ 2. Turn the gain high and use the shortest sample loop possible.
This improves the linearity of the calibration curve, prolongs
the useful life of the column, and minimizes the build up of

J BaS04 on the manifold tubing.

System Operation:

1 1. Refer to "Auto Analyzer Operation start-up procedure."1 (SOP# LAA-Section A).

* 2. Pump reagents through the lines before inserting the column. Use a
; short piece of manifold tubing in place of the column. When all air

has passed and the baseline is steady, turn off the pump and insert the
column. The column should be placed in a vertical position with flow
in the top and out the bottom. In .this configuration, the column will

1 operate effectively even if the resin packs down more to leave a gap at
the top. Resume pumping.

J
j 3. Analyze an initial check standard, a blank, and a known reference at

the beginning of each run. The blank must be less than the detection
limit and the standards within acceptable limits.

1 4. To spike: Mix equal volumes of sample and 150 mg/L S04 standard (D)
for a final spike level of 75 mg/L.

j 5. The calibration check standard is 100 mg/L (D).

6. To shut down, turn off pump and remove the column.•
, To remove the column:

, a. Turn off the pump.
j b. Remove the column.
' c. Join ends of the column with a union.

d. Replace the column on the manifold with the short teflon tubing
r piece.
| e. Rinse manifold with Milli-Q water.

f. Rinse manifold with EDTA cleaning solution.
g. Continue with "Auto Analyzer Shut-down procedures" (SOP # LAA-

j Section B).

[INORGSOP]
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I
: Quality Control :

1. Establish a standard curve with the standards listed above. Note that
the calibration curve is calculated in a "piece-wise" fashion and is
not linear. Be sure that calibration points describe smooth curve. If
not, necessary troubleshooting must be performed before continuing
(check reagents, pump tubing, valves, etc.).

2. A quality control calibration standard of 100 mg/L and a blank are to
be analyzed, at a minimum, after every 10 samples. If less than 10
samples are analyzed, a calibration standard and blank are still
required. The last samples analyzed in the run are to be the
calibration standard and blank. These standards must be within the
acceptable ranges or the samples run after the last acceptable check
standard are to be reanalyzed.

3. Duplicate and spike a minimum of 1 out of 10 samples. If less than 10
samples are analyzed, a duplicate and spike are still required. Spike
recoveries and duplicates are to be within acceptable ranges or data
must be flagged appropriately.

Calculation:

1. Calculate with Lachat QuikChem software, in the concentration mode,
using the IBM XT computer. See LAAC SOP for further detail.

[INORGSOP]
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• APPENDIX B-2

PROCEDURES FOR TCL VOLATILES WITH LOW LEVEL DETECTION LIMITS
[ FOR WATER SUPPLY WELLS



STANDARD OPERATING PROCEDURE

FOR

THE ANALYSIS OF VOLATILE ORGANICS WITH LOW DETECTION LIMITS

IN RESIDENTIAL WELL WATER SAMPLES

USING GAS CHROMATOGRAPHY/MASS SPECTROMETRY

BY COMPUCHEM

Prepared October 1987

Revised January 1989

Revised May, 1989



• ANALYSIS OF VOLATILE ORGANICS WITH LOW DETECTION LIMITS

1Y
I
i PURGE AND TRAP GAS CHROMATOGRAPHY/MASS SPECTROMETRY METHOD

REVISED JANUARY 1989
Revised May, 1989

t

1.0 SCOPE AND APPLICATION

1.1 This standard operating procedure describes the method
for the analysis of volatile organics in private well,
municipal water supply and domestic well samples.

' 1.2 This is a purge and trap gas chromatography/mass
spectrometry (GC/MS) method applicable to the determi-

] nation of 38 compounds (See Table 1) in municipal water
i supply, and private well water samples.

i 1.3 The required method detection limit (MDL) for each
j compound is listed in Table 1.

1.4 This method is restricted t_w use by or under the super-
j vision of analysts experienced in the operation of
1 a purge and trap system, and gas chromatography/mass

spectrometry, and in the interpretation of mass spectra.
r Each analyst must demonstrate the ability to generate

acceptable results with this method using the procedure
described in Section 10.

\

2.0 SUMMARY OF METHOD

| 2.1 An inert gas is bubbled through a 20-ml water sample
' contained in a specially designed purging chamber at

ambient temperature. The purgeables are efficiently
! transferred from the aqueous phase to the vapor phase.
i The vapor is swept through a sorbent trap where the

purgeables are trapped. After purging is completed, the
• trap is heated and backflushed with the inert gas to



TABLE 1

TARGET COMPOUND LIST (TCL) AND QUANTITATION LIMITS (QLs)

(FOR RESIDENTIAL WELL WATER SAMPLES)

VOLATILE ORGANICS CAS NUMBER QUANTITATION LIMITS(ua

Benzene
Bromdichloromethane
Bromof orm
Bromomethane
Carbon Tetrachloride
Chlorobenzene
Chloroethane
Chloroform
Chloromethane
Dibromochloromethane
1 , 1-Dichloroethane
1 , 2-Dichloroethane
1 ,1-Dichloroethene
1 ,2-Dichloroethene (Total)
1 ,2-Dichloropropane
Cis-1 ,3-Dichloropropene
Trans-1 , 3-Dichloropropene
Ethyl Benzene
Methylene Chloride (*)
1,1,2, 2-Tetrachloroethane
Tetrachloroethene
Toluene (*)
1 ,1 , 1-Trichloroethane
1,1, 2-Trichloroethane
Trichloroethene
Vinyl Chloride
Acrolein
Acetone (*)
Acrylonitrile
Carbon Disulfide
2-Butanone ( * )
Vinyl Acetate
4-Methyl-2-Pentanone
2-Hexanone
Styrene
m-Xylene **

71-43-2
75-27-4
75-25-2
74-83-9
56-23-5
108-90-7
75-00-3
67-66-3
74-87-3
124-48-1
75-34-3
107-06-2
75-35-4

78-87-5
10061-01-5
10061-02-6
100-41-4
75-09-2
79 34-5
127-18-4
108-88-3
71-55-6
79-00-5
79-01-6
75-01-4
107-02-8
67-64-1
107-13-1
75-15-0
78-93-3
108-05-4
108-10-1
519-78-6
100-42-5
108-38-3

1.5
1.5
1.5
1.5
1.5
1.5
1.5
1.5
1.5
1.5
1.5
1.5
1.5
1.5
1.5
2.0
1.0
1 .5
1.0
1.5
1.5
1.5
1.5
1.5
1.5
1.5

25.0
5.0

25.0
3.0
5.0
5.0
1.5
5.0
1.0
1.5



0-Xylene ** 95-47-6 1.5
p-Xylene ** 106-42-3 1.5

J NOTE: * Common laboratory solvent. Control limits for blanks are 5
j the method detection limits.

t ** m-Xylene, o-Xylene and p-Xylene are reported as a total of
i three.



i
J desorb the purgeables onto a gas chromatographic column.
[ The gas chromatograph is temperature programmed to

separate the purgeables which are then detected with
I mass spectrometer.

3.0

* 3.1 Impurities in the purge gas, organic compounds outgasing
from the plumbing ahead of the trap, and solvent vapors

? in the laboratory account for the majority of contamina-
; tion problems. The analytical system must be demonstrated

to be free from contamination under the conditions of the
, ""' analysis by running laboratory reagent blanks. The use of

non-telfon plastic tubing, non-telfon thread sealants, or
' flow controllers with rubber components in the purge and

trap system should be avoided.

i 3.2 Samples can be contaminated by diffusion of volatile
organics through the septum seal into the sample during

[ shipment and storage. A trip blank cample prepared from
organic-free water and carried through the sampling and
handling protocol can serve as a check on such contami-

i nation.

3.3 Contamination by carry-over can occur whenever high level
K', and low level samples are sequentially analyzed. To reduce

1 • carry-over, the purging device and sample syringe must be
l rinsed with reagent water between sample analysis.

— Whenever an unusually concentrated sample is encountered,
J it should be followed by an analysis of reagent water to
J check for cross contamination. It may be necessary to

wash the purging device with a detergent solution rinse
i it with distilled water, and then dry it in a 105°C

oven between analysis. The trap and other parts of the
system are also subjected to contamination; therefore,
frequent bakeout and purging of the entire system may

! be required.
i

I 4.0 SAFETY PRECAUTIONS

4.1 The toxicity or carcinogenicity of chemicals used in
i this method has not been precisely defined, each
• chemical should be treated as a potential health hazard,

and exposure to these chemicals should be minimized.
Each laboratory is responsible for maintaining awareness
of OSHA regulations regarding safe handling of chemicals



, used in this method. A reference file of material data
i handling sheets should also be made available to all
k personnel involved in the chemical analysis. Additional

references to laboratory safety are available for the
i information of the analysts.
I

4.2 The following parameters covered by this method have been
\ tentatively classified as known or suspected human or
• mammalian carcinogens: benzene, 1 , 4-dichlorobenzene, hexac-

hlorobutadiene, tetrachloroethene, trichloroethene , carbon
tetrachloride, bis-2-chloroisopropyl ether, 1 ,2-dichloroethane,

1 1 ,1 , 2 ,2 ,-tetra-chloroethane, 1 ,1 ,2-trichloroethane, chloroform,
1 ,2-dibromo-methane, and vinyl chloride. Primary standards of
these toxic compounds should be prepared in a hood. NIOSH/ ,_

• MESA approved toxic gas respirator should be worn when the
; analysts handle high concentrations of these toxic compounds.

1

5 . 0 APPARATUS AND MATERIALS

j 5.1 Sample Containers
i
1 Forty milliliter (40-ml) screw cap glass vials with

PTFE-faced silicone septum seals should be used. Wash
' vials and seals with detergent, rinse with tap water,
? then distilled water, and dry at 105°C, allow to cool

in area known to be free of organic vapors.
i

5 .2 purge and Trap System (Tekmar LSC-2 or equivalent)

5.2.1 Purging Device

The all glass purging device must be capable of
accepting 20-ml samples withn a water column at

I least 5-cm deep. A glass frit installed at the
• base of sample chamber allowing purging gas to

pass through the water column as finely divided
' bubbles with a diameter of 3 cm at the origin.
i

5.2.2 Volatile Trap
l
! The trap must be at least 25 cm long and have an
' inside diameter of at least 0.105 inches. The

trap must contain the following amounts of
adsorbents: 1/3 of 2 ,6-diphenylene oxide polymer,
1/3 of silica gel, and 1/3 of coconut charcoal.
Prior to daily use, the trap is conditioned for

' 10 minutes at 220°C while backflusing with an
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inert gas flow of at least 20 ml/min. The trap
\ effluent is vented to the room through a charcoal
4 trap.

] 5.2.3 Desorber

The desorber must be capable of rapidly preheat-
j ing the trap to 180°C, then desorbing the trap
j to the GC column while maintaining the temperature

Of 180°C.

- 5.3 GC/MS SYgTEM
4

5.3.1 Gas Chromatograph (Hewlet Parkard 5993 GC or
! Equivalent)
i

Gas Chromatograph must be capable of temperature
| programming and achieving an initial column
| temperature of 30°C - 45°C. Variable constant

differential flow controllers capable of
, maintaining constant flow rates throughout the
j desorption and temperature program should be used.

5.3.2 Gas Chromatographic column
\
I Eight Ft. long x 1/8 O.D. glass column, packaed

with 1% SP-1000 on Carbopack B (60/80 mesh) or
f ..;';: equivalent.
! ':

5.3.3 Mass Spectrometer (Finnigan 5100 MS or equivalent)

• Must be capable of scanning from 20 to 260 amu
' every 7 seconds or less, utilizing 70 V (nominal)

electron energy in the electron impact ionization
! mode, and producing a mass spectrum which meet all
I the criteria in Table 3 when 50 ng of 4-bromo-

fluorobenzene (BFB) is injected through the GC inlet.
\
j 5.3.4 GC/MS Interface

j GC to ms interface constructed of all glass or
j glasslined materials should be used. Glass can
' be deactivated by silanizing with dichlorodi-

methylsilane.

• 5.3.5 Data System

A computer system must be interfaced to the mass



spectrometer that allows the continuous acquisition
and storage on machine-readable media of all mass
spectra obtained through the duration of the
chromatographic program. The computer must have
the software that allows searching any GC/MS data
file for spectra m/z (masses) and plotting such
m/z abundance versus time or scan number.
Software must also allow integrating the
abundance in any Extracted Ion Current Profile
(EICP) between specific time or scan number
limits.

5.3.6 Syringe and Svringe Valves

5.3.6.1 Syringes - 5-ml and 25-ml glass
hypodermic with luerlock tip (two each).

5.3.6.2 Micro Syringes - 25- and 100-ul.

5.3.6.3 Gas Syringes - 1.0 and 5.0 ml gas tight,
with shut-off valve.

5.3.7 Miscellaneous

5.3.7.1 Standard Storage Containers - 3.7 ml
screw cap amber vilas.

5.3.7.2 Mininert Valves - Screw cap.

6.0 REAGENTS

6.1 Methanol, demonstrated to be free of analytes (spike
100 ul into 25 ml of reagent water and analyze. Result
should be less than detection limits.).

6.2 Reagent water, producing less than detection limits of
those compounds that are monitored. Prepared by boiling
distilled or natural waters for 15 minutes followed by
1 hour purge with inert gas while temperature is held
at 90^C or carbon filtered. Store in clean, narrow
mouthed crip top PTFE-lined septa bottles.

6.3 Stock Standards - Commerical mixed stock solutions
are available (Supelco Purgeeables A, B, and C) that
contain most of the compounds of interest at a concen-
tration of 0.2 mg/ml. Stock solutions must be prepared
from neat, as folows for those compounds not included



in the commerical mixes(NOTE 1).

6.3.1 Place 24.4 ml of methanol in a 25-ml volumetric
flask. Allow flask to stand unstoppered for 10
minutes or until all alcohol-wetted surfaces
have dried, and then tare.

6.3.2 Using a 100-ul syringe, add 50 mg of assayed
reference material to the flask. Be sure that
the drops fall directly into the alcohol
without contacting the neck of the flask.
Retare the flask and add 50 mg of the next
compound. Repeat the process until all compounds
have been added.

6.3.3 Dilute to volume, and stopper. Mix by inverting
flask several times. The resulting solution will
contain each analyte at a concentration of
2.0 mg/ml.

6.3.4 Store stock standard solutions in 3-ml vials
equipped with PTFE mininert valve tops at 0°C.

standards must be replaced each month.

NOTE 1: The following compounds must be made from neat:
Cis-1,2-dichloroethene, trans-1,2-dichloroethene,
0-xylene, m-xylene, p-xylene, 1,3-dichloro-
benzene, 1,4-dichlorobenzene, styrene,
1,2-dichlorobenzene.

6.4 Secondary Dilution Standards
I

Using stock standards to prepare secondary dilution
standards in methanol.'The secondary dilution standards
are prepared at concentrations that can be easily diluted
to prepare aqueous calibration standards that will
bracket the working range of the method.

6.4.1 To prepare secondary dilution standards, place
9.0 ml of methanol into a 10-ml volumetric flask.

6.4.2 Inject exactly 250 ul of the specico purgeable A
and purgeable B stock solution, and 250 ul of
the stock solution prepared from neat (6.3) into
the methanol. When the standard solution is
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i
. prepared as above, the solution will contain each
! analyte at a concentration of 5 ng/ul.

6.4.3 Separate secondary dilution standard mixture
| should be prepared weekly for the gases from the
i Supelco purgeable C mix.

i 6.4.4 Store secondary dilution standards in 3-ml glass
I vials equipped with PTFE mininert valve screw

tops. Storage conditions and time described for
, stock standary solutions (6.3.4) also apply to the
) secondary dilution standard solutions.

6.5 Working Aqueous Calibration Standards ^
6

Using the secondary dilution standards to prepare five
i calibration standards at concentrations of 5, 10, 20,

40 and 60 ug/L for all volatile compounds except the
acrolein and acrylonitrile, which should be at

, concentrations of 25, 50, 75, 100 and 125 ug/L.

t
6.6 Continuing Calibration Check Standard

i Prepare the aqueous continuing calibration check
• -,. standard solution at concentration of 20 ug/L for all

i compounds except acrolein and acrylonitrile, which
j should be at concentration of 50 ug/L.

6.7 Sample matrix Spiking Solution

Prepare a matrix spiking solution containing all
' compounds of interest in methanol using the procedures

described in Section 6.3 and 6.4. It is recommended
that the secondardy dilution standard be prepared at a
concentration of 50 ug/mL for all compounds except
acrolein and acrylonitrile, which shall be at a
concentration of 125 ug/mL. The addition of 10 uL of
such standard solution to 25 mL of reagent water or
samples would be equivalent to 20 ug/L. Store at 0°C.
The sample matrix spiking solution should be discarded
after 1 month.

6.8 Internal Standard Solution



Prepare a spiking solution containing Bromochloromethane ,
! 1 ,4-Dif luorobenzene, and chlorobenzene-d5 in methanol
1 using the procedures described in Section 6.3 and 6.4.

It is recommended that the secondary dilution standard
I be prepared at a concentration of 50 ug/mL of each
i internal standard compound. The addition of 10 uL of

such a standard to 25 mL of sample or calibration
t standard would be equivalent to 20 ug/L.

6.9 Surrogate Spike Standard Solution

{
i

Prepare a surrogate spiking solution containing
Toluene-d8, Bromofluorobenzene, and 1,2-dichloro-
ethane-d4 in methanol using the procedures described
in Section 6.3 and 6.4. It is recommended that the
secondary dilution standard be prepared at a concentra-
tion of 50 ug/mL of each surrogate spike compound.
The addition of 10 uL of such as standard to 25 mL of
sample or calibration standard would be equivalent to
20 ug/L.

6.10 4-BORMOFLUOROBENZENE (BFB) Solution
1
J Prepare a 25 ug/mL solution of bromofluorobenzene in

methanol. This solution would be used for MS tuning.

' 7.0 SAMPLE COLLECTION. PRESERVATION. AND STORAGE

7.1 Sample collection

7.1.1 Collect all samples in duplicated 40-ml glass
' vials). Fill sample bottles to overflowing.
; No air bubbles should pass through the sample

as the bottle is filled, or be trapped in the
» sample when the bottle is sealed.

7.1.2 When sampling from a water tap, open the tap and
allow the system to flush until water temperature

J has stabilized (usually about 10 minutes). Adjust
' the flow to about 500 ml/min. and collect

duplicate samples from the flowing system.

j 7.1.3 When sampling from an open body of water, fill
a 1-quart wide-mouth bottle or 1-liter beaker
with sample from a respresentative area, and



carefully fill duplicate sample bottles from
the container.

7.2 Sample Preservation

7.2.1 Adjust the pH of the duplicate samples to <2 by
carefully adding one drop of 1:1 HC1 for each
20 ml of sample volume (See Reference No.6). Seal
the sample bottles, PFTE-face down, and shake
vigorously for one minutes.

7.2.2 The samples must be chilled to 4°C on the day
of collection and maintained at that temperature
until analysis. Field samples that will not be
packaged for shipment with sufficient ice to
ensure that they will be at 4°C on arrival at
the laboratory.

7.3 Sample storage

7.3.1 Store samples at 4°C until analysis. The sample
storagearea must be free of organic solvent vapors

7.3.2 Analyze all samples within 7 days of collection.
Samples not analyzed within this period must be
discarded and replaced.
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i 8.0 CALIBRATION AND STANDARDIZATION
i

8.1 Tuning and GC/MS Calibration
ti
! 8.1.1 The laboratory must establish that a given GC/MS

system meet the standard spectral abundance
' criteria prior to initiating any on-going data
j collection. The GC/MS system must be hardware

tuned to meet the abundance criteria listed in
Table 4 for a maximum of a 50 ng injection of
4-Bromofluorobenzene (BFB). Add 50 ng of BFB
solution to 20 ml of reagent water and analyze
alone. BFB should NOT be analyzed simultaneously
with any calibration standards or blanks. This

i criteria must be demonstrated dialy or for each
twelve-hour (12) time period. If required,

1 background substraction must be straight forward
: and designed only to eliminate column bleed

or instrument background.
r

8.1.2 BFB criteria MUST be met before any standards,
samples or blanks are analyzed.

8.1.3 Any action taken which may results in effecting
the tuning criteria for BFB, the tune must be

,-•••;-. verified irrespective of the twelve-hour tuning
: '".;'--' requirement.

8.1.4 The laboratory shall document the GC/MS tuning
and mass calibrati" 3ach time t^~ system is tuned.

8.2 Calibration of GC/MS System

' 8.2.1 Initial Internal Standard Calibration
i

8.2.1.1 Prior to the analysis of samples and
required blanks and after tuning

j criteria have been met, the GC/MS system
must be initially calibrated at a minimum

, of five concentrations to determine the
; linearity of response utilizing the

initial calibration standard solutions
containing all compounds listed in Table 2.

: Once the system has been calibrated,
the calibration must he verified after
the initial calibration and each twelve(12)
hours time period for each GC/MS system.



TABLE 2

CHARACTERISTIC IONS FOR VOLATILE ORGANIC COMPOUNDS

Parameters Primary Ion Secondary Ions

Chloromethane
Bromomethane
Vinyl Chloride
Chloroethane
Methylene Chloride
Acetone
Carbon Bisulfide
1, 1-Dichloroethene
1, l-Dichloroethane
1,2-Dichloroethene
Chloroform
1,2-Dichloroethane
2-Butanone
1,1,1-Trichloroethane
Carbon Tetrachloride
Vinyl Acetate
BromodiChloromethane
1,1,2,2-Tetrachloroethane
1,2-Dichloropropane
Trans-1,3-Dichloropropene
Trichloroethene
Dibromochloromethane
I-1 2-Trichloroc>J-^-'ne
Benzene
Cis-1,3-Dichloropropene
Bromoform
2-Hexanone
4-Methyl-2-pentanone
Tetrachloroethene
Toluene
Chlorobenzene
Ethyl Benzene
Styrene
Total Xylenes

50
94
62
64
84
43
76
96
63
96
83
62
72
97
127
43
83
83
63
75
130
129
97
78
75
173
43
43
164
92
112
106
104
106

52
96
64
66

49, 51, 86
58
78

61, 98
65, 83, 85, 98, 100

61, 98
85

64, 100, 98
57

99, 117, 119
119, 121

86
85

85, 131, 133, 166
65, 114
77

95, 97, 132
208, 206

83, 85, 99, 132, 134

77
171, 175, 250, 252, 254,

58, 57, 100
58, 100

129, 131, 166
91
114
91
78, 103
91

The primary ion should be used unless interferences are present,
in which case, a secondary ion may be used.



TABLE 3

VOLATILE INTERNAL STANDARDS WITH CORRESPONDING TCL ANALYTES

ASSIGNED FOR QUANTITATION

Bromochloromethane 1(4-Difluorobenzene Chlorobenzene-d5

i Chloromethane 1,1,1-Trichloroethane 2-Hexanone
i Bromomethane Carbon Tetrachloride 4-Methyl-2-Pentanone

Vinyl Chloride Vinyl Acetate Tetrachloroethene
i ''Chloroethane Bromodichloromethane 1,1,2,2-tetra-
! Chloroethane

Methylene Chloride 1,2-Dichloropropane Toluene
Acetone Trans-1,3-dichloropropene Chlorobenzene

; Carbon Bisulfide Trichloroethene Ethylbenzene
1,1-dichloroethene Dibromochloromethane Styrene
1,1-dichloroethane 1,1,2-Trichloroethane Xylene (total)

' 1,2-Dichloroethene(Total)Benzene Bromofluorobenzene
l Chloroform Cis-1,3-dichloropropene (Surrogate)

1,2-Dichloroethane Boroform Toluene-dg(surrogate)
\ 2-Butanone
] l,2-Dichloroethane-d4

(surrogate)



TABLE 4

p-BROMOFLUOROBENZENE (BFB) KEY IONS AND ABUNDANCE CRITERIA

i

{ Mass Ion Abundance Criteria

j 50 15.0 - 40.0 % of the base peak
75 - 30.0 - 60.0 % of the base peak
95 Base peak, 100 % relative abundance

1 96 5.0 - 9.0% of the base peak
I 173 Less than 1.00% of the base peak

174 Greater than 50.0% of the base peak
' 175 5.0 - 9.0% of mass 174

176 Greater than 95.0%, but less than 101.0%
of mass 174.

NOTE: BFB criteria MUST be met before any samples, sample extracts,
blanks, or standards are analyzed.



8.2.1.2 Prepare calibration standards by spiking
] five portions of 20 ml reagent waters with
i various amount of secondary dilution

standard solution (6.4) to yield the

1 following specific concentrations: 5, 10,
20, 40, and 60 ug/L for all compounds
except acrolein and acrylonitrile, which

, have the specific concentrations at 25,
50, 75, 100 and 125 ug/L.

Internal standards and surrogate spike
! standards will be added to each each
i calibration standard solutions to yield a

concentration of 20 ug/L.
»
i
i

8.2.1.3 Analyze each calibration standard solution
j and tabulate the area of the primary

characteristic ion againt concentration
' for each compound including all required

internal standards and surrogate standard
1 compounds. The relative retention time
I (RRT) of each compound in each calibration

run should agree within 0.06 RRT units.
i

j 8.2.1.4 Use Table 4 and Equation 1 to calculate
the relative response factor (RRF) for

:?;4J each compound at each concentration level.

Ax Cis
RRF = x Equation 1

! Ms Cxi
Where,

I
j Ax = Area of the characteristic ion for

the compound to be measured.

I Ais = Area °f "the characteristic ion for
' the specific internal standards

from Table 2.

1 Cis = Concentration of the internal
standard (ng/UL).

| Cx = Concentration of the compound to
be measured (ng/uL).



i
i
i

8.2.1.5 Use equation 2 and the relative response
\ factors (RRF) from the initial calibra-
• tion to calculate the relative standard

deviation (%RSD) for compounds labelled
j as calibration check compounds in Table 4.
*

1 SD
j %RSD = x 100 Equation 2

X

f Where,

RSD = Relative Standard Deviation

; SD = Standard Deviation of initial
relative response factors

• (per compound).

- X)2
Eq.

N-l

X = Mean of initial relative
response factors (per compoujv

The %RSD for each individual calibration
check compound must be less than or equa"
to 30.0%. This criteria must be met for —• '
the initial calibration to be valid.

8.2.1.6 System Performance Check

A system performance check must be performei
to insure that minimum average relative
response factors are met before the calibra
tion curve is used. This is done by analyzii
five system check compounds (SPCCs):
Chloromethane, 1 ,1-dichloroethane, bromofon
1 ,1 ,2,2-tetrachloroethane, and chlorobenzem
The minimum acceptable RRF for these compou:
is 0.300 (0.100 for bromoform, and 0.200 fo
1 ,1 ,2 ,2-tetrachloroethane) .

8.2.1.7 The initial calibration is valid only after



. both the %RSD for calibration check compound
and the minimum RRF for SPCC have been met.

' Only after both of these criteria are met ca
sample analysis begin.

i
8.3 Continuing Calibration Check

\
I 8.3.1 A calibration standard(s) containing all volatile

organics listed in Table 2, including all required
5 surrogate compounds, must be analyzed each twelve

hours during analysis. The concentration of each
4 compound in the continuing calibration check (CCC)

is 20 ug/L except acrolein and acrylonitrile
; (50 ug/L). Compare the relative response factor
i data from the standards each twelve hours with the

average relative response factor from the initial
! calibration for a specific instrument. A system
; performance check must be made each twelve hours.

If the SPCC criteria are met, a comparison of
relative response factors is made for all compounds.

* 8.3.2 After the system performance check is met, use
equation 4 to calculate the percent difference

i (% difference) for all calibration check compounds
I in Table 4 in order to check the validity of the

•V'. initial calibration.
i '•-.••'
; 8.3.2.1 Calculate the percent difference using

Equation 4.

; KRFj - RRFC
1 %Difference = ---------------- x 100 Eq. 4

RRF-r
\
i Where

j RRFj = Average relative response factor
from initial calibration.

. C = Relative response factor from
current calibration check.

' 8.3.2.2 If the percent difference for any compound
is greater than 20%, the laboratory should
consider this a warning limit. If the
percent difference for each CCC is less



I
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than or equal to 25.0%, the initial
| calibration is assumed to be valid. If the
* criteria are not met (>25.0% difference ),

for any one of the calibration check
' compound, corrective action MUST be taken.
i Problems similar to those listed under

SPCC could affect this criteria. If no
i source of the problem can be determined
; after corrective action have been taken,

a new initial five points calibration MUST
be generated. These criteria MUST be met

I before sample analysis begins.

i 9.0 QUALITY CONTROL

i 9.1 Each laboratory that uses this method is required to
| operate formal quality control program. The minimum

requirements of this program consists of an intial
T demonstration of laboratory capability and an ongoing
i analysis of spiked samples to evaluate and document
* data quality. The laboratory must maintain records to

document the quality of data that is generated. Ongoing
1 data quality checks are compared with established
1 perfromance criteria to determine if the results of

analysis meet the performance characteriztics of the
j method. A quality control check standard must be
i analyzed to confirm that the measurements were

performed in an in-control mode of operation.

I 9.1.1 The analyst must make an initial, one-time,
' demonstration of the ability to generate

acceptable accuracy and precision with this
J method. This ability is established as are
I described in Section 9.2

t 9.1.2 In recognition of advances that are occurring in
1 chromatography, the analyst is permitted certain

options (detailed in Section 10.2.2) to improve
the separation or lower the cost of measurements.

i Each time such a modification is made to the
• method, the analyst is required to repeat the

procedure in Section 9.2 .

» 9.1.3 Each day, the analyst must analyze a reagent
water blank to demonstrate that interferences

t from the analytical system are under control.



9.1.4 The laboratory must, on an ongoing basis,
demonstrate through the analyses of quality
control check standards that the operation of
the measurement system is in control. The
frequency of the check standard analyses is
equivalent ot 10% of all samples analyzed but at
least two samples per month. Using the
following procedure to analyze a quality control
check sample for all analytes of interest
at 10 ug/L:

9.1.4.1 Prepare a QC check sample by adding
50 ul of QC check sample concentrate
to 20 ml of reagent water in a glass
syringe.

9.1.4.2 Analyze the QC check sample according to
Section 10, and calculate the recovery
for each analyte. The recovery must be
between 60% and 140% of the expected
values.

9.1.4.3 If the recovery for any analyte falls
outside the designated range,the analyte
has failed the acceptance criteria.
A check standard containing each analyte
that failed must be re-analyzed.

9.1.5 On a weekly basis, the laboratory must demonstrate
the ability to ana^^e low level ~tuples. The
following procedure should be used:

9.1.5.1 Prepare a low level check sample by
spiking 10 ul of QCcheck sample
concentrated to 25 ml of reagent water
and analyze according to the method
in Section 10.0 .

9.1.5.2 For each analyte, the recovery must be
between 60% and 140% of the expected value,

9.1.5.3 When one or more analytes fail the test,
the analyst must repeat the test only
for those analytes which failed to meet
the criteria. Repeated failure, however,
will confirm a general problem with the
measurement system. If this occurs,locate



and correct the source of the problem and
| repeat the test for all compounds of
i interest beginning with 9.1.5.1.

; 9.1.6 The laboratory must maintain performance records
j to document the quality of data that is generated.

The following procedure should be performed:

1 9.1.6.1 It is recommeded that the laboratory
1 adopt additional quality assurance

practices for use with this method. The
j specific practices that are most productive

depend upon the needs of the laboratory
and the nature of the samples. As a minim>«x,

i field duplicate samples must be analyzed
] to assess the precision of the environmental

measurements.

i 9.2 To establish the ability to generate acceptable accuracy
1 and precision, the analyst must perform the following

operations.
i
i 9.2.1 A quality control check sample concentrate containing

each analyte at a concentration of 500 times the MDL
j in methanol is required. The QC check sample must be
] prepared by the laboratorry using stock standards

.-.;-... prepared independently from those used for calibratic
! •'::&

9.2.2 Analyze seven 20-ml QC check samples at 2 ug/L
according to the method beginning in Section 10.0^
Each sample is produced by injecting 10 ul of QC

j check sample concentrate into 25 ml of reagent water
i in a glass syringe through the syringe valve.

i 9.2.3 Calculate the average recovery (X) in ug/L, and the
j standard deviation of the recovery (S) in ug/L

for each analyte using the seven results. Calculate
. the MDL for each analyte as specified in Reference 2.
i The calculated MDL must be less than the spike level,j

9.2.4 For each analyte, (X) must be between 90% and 110% oi
J the true value. Additionally, s must be <35% of X.
i If s and X for all analytes meet the criteria, the

system performance is acceptable and analysis of
• actual samples can begin. If any s exceeds the
j precision limits or any X falls outside the range

for accuracy, the system performance is unacceptable
T for that analyte.



NOTE: The larger number of analytes present a
substantial probability that one or more will

1 fail at least one of the acceptance criteria
when all analytes are analyzed.

i ' 9.2.5 When one or more of the analytes tested fail at least
one of the acceptance criteria, the analyst must

, proceed according to Section 9.2.2 only for the
! analytes which fialed the test.
t

i 10.0 PROCEDURE QF SAMPLE ANALYSIS

10.1 DAILY GC/MS PERFORMANCE TESTS

10.1.1 At the beginning of each day that analyses are
to be performed, the GC/MS system must be
checked to see if acceptable performance criteria

•' are achieved.for 4-Bromofluorobenzene (BFB).
* The performance test must be passed before any

samples, blanks, or standard are analyzed.

j 10.1.2 At the beginning of each day, inject 2 ul
(50 ng) of BFB solution directly onto the column.

T Alternatively, add 2 ul of BFB solution to
j 20.0 ml of reagent water or calibration standard

...v and analyze the solution according to Section 8.1
'•';- Obtain a background-corrected mass spectrum of

! BFB and confirm that all the key m/z criteria in
' Table 4 are achieved. If all the criteria are

not achieved, the analyst must re-tune t^o mass
| spectrometer and repeat the test until all
I criteria are achieved.

I 10.2 INITIAL CONDITIONS

10.2.1 Acquire GC/MS data for perfomance tests,
standards and samples using the following
instrumental conditions:

Electron Energy : 70 V (Nominal)

i Mass Range : 35 to 300 amu

: Scan Time : To give at least 5 scans
per second, but not to exceed
2 seconds per scan.



, 10.2.1. The operating conditions for the gas
i chromatograph are summarized under Section
1 10.4.2.2 . Table 1 and Table 2 list the

retention times and MDL that can be achieved
I under these conditions. Other columns or
t chromatographic conditions may be used if the

requirements of Section 9.0 are met.
»

10.3 SAMPLE INTRODUCTION AND PURGING

^: 10.3.1 Adjust the purge gas (nitrogen or helium) flow
" rate to 40 ml/min. Attach the trap inlet to

the purging device and open the syringe valve
on the purging device. """"

i
10.3.2 Remove the plungers from two 25-ml syringes and

; attach a closed syringe valve to each. Warm the
j sample to room temperature, open the sample (or

standard) bottle, and carefully pour the sample
, into one of the syringe barrels to just short of
i overflowing. Replace the syringe plunger, invert
' the syringe, and compress the sample. Open the

syringe valve and vent any residual air while
' adjusting the sample volume to 20.0 ml. Add
i 10 ul of the internal standard spiking solution

(Section 6.8) and 10 ul of the surrogate spiking
i standard solution (Section 6.9) to the sample

through the syringe valve. Close the valve. Fill
the second syringe in an identical manner from
the same sample bottle. Reserve the second •—

i syringe for a reanalysis if necessary.

10.3.3 Attach the sample syringe valve to the syringe
| valve on the purging device. Be sure that the
; trap is cooler than 25()C, then open the sample

syringe valve and inject the sample into the
purging chamber. Purge the sample for 11.0 ±0.1

( min at ambient temperature.

10.4 SAMPLE DESORPTION

The mode of sample desorption is determined by the type
of capillary column employed for the analysis. When
using a wide-bore capillary column, follow thw desorption
conditions of Section 10.4.1 . The conditions for using

' narrow-bore capillary column is described in Section 10.4.



10.4.1 Sample Desorotion for Wide-Bore Capillary Column

4 Undre most conditions,this type of column must be
interfaced to MS through a all-glass jet separator

\
\ 10.4.1.1 After the ll-minute purge, attach the

trap to the chromatograph, adjust the
? purge and trap system to the desorb
i mode and initiate the temperature

program sequence of the gas chromatograp
and start data aquisition. Introduce
the trapped materials to the GC column

5 by rapidly heating the trap to 180°C
while backflushing the trap with an iner

: gas at 15 ml/min for 4.0 + 0.1 min.
i While the extracted sample is being

introduced into the gas chromatograph,
t empty the purging device using the sampl
i syringe and wash the chamber with two

25-ml flushes of reagent water. After
the purging device has been emptied,

i ' leave the syringe valve open to allow
' the purge gas to vent through the sample

introduction needle.

} 10.4.1.2 Gas Chromatographv - Hold the column
^;. temperature at 10°C for 5 minutes,

i ;'r;r>: then program at 6°C/min to 160^C
• and hold until all analytes eluted.

10.4.1.3 Trâ . Reconditioning - After desorbing
the sample for 4 min, recondition the

» trap by returning the purge and trap
system to the purge mode. Wait 15

! seconds, then closed the syringe valve
on the purging device to begin gas flow
through the trap. Maintain the trap

i temperature at 180°C. After approxi-
I mately 7 minutes, turn off the trap

heater and open the syringe valve to
stop the gas flow through the trap.
When the trap is cool, the next sample
can be analyzed.

!
10.4.2 Sample Desorption for Narrow-Bore Capillary Column

Under normal operating conditions, most narrow-



bore capillary columns can be interfaced
I directly to the MS without a jet separator.
H

10.4.2.1 Sample Desorption

{ After the 11 minutes purge, attach
the trap to the cyrogenically cooled
interface at -15°C and adjust the

> purge and trap system to the desorb
1 mode. Introduce the trapped materials

to the interface by rapidly heating
I the trap to 180°C while backflusing

the trap with an inert gas at 4 ml/min
for 5.0+0.1 min. While the extracted
sample is being introduced into the "*•*'

; interface,empty the purging device
using the sample syringe and rinse the

, chamber with two 25-ml flushes of
• reagent water. After the purging
1 device has been emptied, leave

the syringe valve open to allow the
\ purge gas to vent through the sample
» . introduction needle. After desorbing

for 5 minutes, flash heat the interface
to 250°C and quickly introduce the

j sample onto the chromatographic column.
Start the temperature program sequence,
and initiate data acquisition.

10.4.2.2 Gas Chromatograph

j Hold the column temperature at 10°C
I for 5 minutes, then program at 6°C/min

to 70°C and then at 15°C/min to
145°C.

10.4.2.3 Trap Reconditioning

) After desorbing the sample for 5
'' minutes, recondition the trap by

returning the purge and trap system to
I the purge mode. Wait 15 seconds, then

close the syringe valve on the purging
device to begin gas flow through the
trap. Maintain the trap temperature

I at 180°C. After approximately 15
minutes, turn off the trap heater and
open the syringe valve to stop the gas



flow through the trap. When the trap
is cool, the next sample can be analyzed

10.5 TERMINATION OF DATA ACQUISITION

When sample components have eluted from the GC, terminate
MS data acquisition and store data files on the data syste
storage device. Use appropriate data output software to
display full range mass spectra and appropriate EICPs.
If any ion abundance exceeds the system working range,
dilute the sample aliquot in the second syringe with
reagent water and analyze the diluted aliquot.

11.0 QUALITATIVE IDENTIFICATION

11.1 IDENTIFICATION PROCEDURES CRITERIA

Tentatively identify a sample component by comparison of
its mass spectrum (after background substraction) to a
reference, spectrum in a collection. Use the follwoing
criteria to confirm a tentative identification:

11.1.1 The GC retention time of the sample component
must be within 10 seconds of the time observed
for that sample compound when a calibration
solution was analyzed.

11.1.2 All ions that are present above 10% relative
abundance in the mass spectrum of the standard
must be present in the mass spectrum of the
sample component and should agree within aosolute
10%. For example, if an ion has a relative
abundance of 30% in the standard spectrum, its
abundance in the sample component should be in
the range of 20 to 40-\o.

11.1.3 Identification is hampered when sample components
are not resolved chromatographically and produce
mass spectra containing ions contributed by more
than one analyte. Because purgeable organic
compounds are relatively small molecules and
produce comparatively simple mass spectra, this
is not a significant problem for most method
analytes. When GC peaks obviously represent more
than one sample component (i.e., broadened peak
with shoulder(s) or valley between two or more
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maxima), appropriate analyte spectra and backgroun
I spectra can be selected by examining EICPs of
' characteriztic ions for tentatively identified

components. When analytes coelute (i.e., only

I one GC peak is apparent), the identification
criteria described in Section 11.1.2 can be met
but each analyte spectrum will contain extraneous

] ions contributed by the coeluting compound.

11.1.4 Structural Isomers that produce very similar
. mass spectra can be explicity identified only if
! they have sufficiently different GC retention
1 times. Acceptable resolution is achieved if the

height of the valley between two isomer peaks i
! less than 25% of the sum of the two peak heights^
I Otherwise, structural isomers are identified as

isomeric pairs.

12.0 CALCULATION

I 12.1 When an analyte has been identified, the quantitation
* of that analyte should be based on the integrated

abundance from the EICPs of the primary characteristic
I m/z given in Table 2. If the sample produces an
I interference for the primary m/z, use a secondary

characteristic m/z to quantitate. Instrument calibration
I for secondary ions is performed, as necessary, using
j the data and procedures described in Section 8.2.

12.2 Calculate the concentration in the sample using the
calibration curve or^average response factor (RF)

' determined in Section 8.2.2 and Equation 3 :

| (AS) (cis)
i Concentration (ug/L) = Equ. 3

(Ais) (RF)
t

Where,

' As = Area of the characteristic m/z for the
analyte to be measured;

I Ais
 = Area of the characteristic m/z for the

internal standard;



cis = Concentration of the internal standard,
in ug/L.

12.3 Report results in ug/L. All QC data obtained should
bereported with the sample results.

13.0 r>ATA PF.PRQTING REQUIREMENTS

13.1 All reports and documentation must be legible,single-
sided, and clearly labelled and paginated.

13.2 The sample data package must be consecutively
paginated and shall include the cover pages, sample
data, and the raw data as they are described in the
following:

13.2.1 Cover Pages for the data package, including
the project name; laboratory name; field
sample number cross-referenced with laboratory
ID number ; comments describing in details any
problems encountered in processing the samples
in the data package; and validation and
signature by the Laboraotry Manager.

13.2.2 Sample Data

Sample data shall be reported using the Organic
Analysis Data Reporting Forms (Attachment I)
for all sample- , arranging i.. '.ncreasing
alphanumeric sample number order, followed by
the QC analysis data, Quarterly verification of
instrument parameters forms, raw data, and copies
of the sample preparation logs.

13.2.2.1 FORM I ( Organic Analysis Data Sheet)

13.2.2.2 FORM I (Tentatively Identified Compounds

13.2.2.3 FORM II (Surrogate Recovery)

13.2.2.4 FORM III (Matrix Spike/Matrix Spike
Duplicate Recovery)

13.2.2.5 FORM IV (Method Blank Summary)

13.2.2.6 FORM V (GC/MS Tuning and Mass



*

i
, Calibration)

13.2.2.7 FORM VI (Initial Calibration Data)

'. 13.2.2.8 FORM VII (Continuing Calibration Data)
I

13.2.2.9 FORM VIII (Internal Standard Area
: Summary)
i

13.2.2.10 Raw Data

Raw data shall includes Reconstructed
Ion Current (RIC) Chromatogram, Mass
spectrum (with and without backgrouno^
substraction for all compounds
quantified,mass spectrum of tentatively
identified compound including the most
matched library standard spectra, any
instrument printouts, etc.

14.0 REFERENCES

14.1 A. Alford-Stevens, J.W. Eichelberger, W.L. Budde,
"Purgeable Organic Compounds in Water by Gas Chroma-
tography/Mass Spectrometry, Method 524." Environmental
Monitoring and Support Laboratory, U.S. Environmental
Protection Agency, Cincinnati, Ohio, February 1983.

14.2 Glaser, J. A., D. L. Fo^rst, G.D. McKer, S.A. Quave, and"
W.L.Budde, "Trace Analyses for Wastewaters," Environ. Sci.
Technol., 15, 1426, 1981.

14.3 "The Determination of Halogenated Chemicals in Water by
the Purge and Trap Method, Method 502.1, "Environmental
Protection Agency, Environmental Monitoring and Support
Laboratory, Cincinnati, Ohio 45268, April, 1981.

14.4 "Volatile Aromatic and Unstaturated Organic Compounds in
Water by Purge and Trap Gas Chromatography, Method 503.1,'
Environmental Protection Agency, Environmental Monitoring
and Support Laboratory, Cincinnati, Ohio, April, 1981.

14.5 Bellar, T.A. and J.J. Lichtenberg, "The determination of
Synthetic Organic Compounds in Water by Purge and
Sequential Trapping Capillary Column Gas Chromatography,"
U.S.Environmental Protection Agency, Environmental



!
i

I

Monitoring and Support Laboratory, Cincinnati, Ohio,45268.

* 14.6 Ho. J.s. Method Performance Data for Method 502.2,
Unpublished Report, September, 1986.

| 14.7 "Gas Chromatographic Analysis of Purgeable Halocarbon and
Aromatic Compounds in Drinking Water Using Two Detectors

i in series," Kingsley, B.A., Gin, C., Coulson, D.M., and
1 Thomas, R.F., Water Chlorination, Environmental Impact

and Health Effects, Volume 4, Ann Arbor Science.

[ 14.8 "EPA Method Validation Study 23, Method 601 (Purgeable
* • Halocarbon)," U.S. Environmental Protection Agency,

_ Environmental Monitoring and Support Laboratory,
j Cincinnati, Ohio 45268.
i



VOLATILE ORGANICS ANALYSIS DATA SHEET

Lab Maae:

Field Sample Buaber_

Matrix: • irmter

Caxple vol: __

Level: (lov/Bed)

Coluan: (pacX/cap)

CAS HO.

Lab tuple ZD:

Lab File ZD:

Data Received:

Data Analyzed:

COMPOUND

Dilution Factor:

CONCENTRATION UNITS:
(ug/L

74-87-3 —Chi oroae thane
74-83-9-———Broaoaethane
75-01-4 Vinyl Chloride
75-00-3 Chloroethane
75-09-2 Methylene Chloride
67-64-1 Acetone
75-15-0 Carbon Disulfide
75-35-4 l,l-Dichloroethene_
75-34-3 1,1-Dichloroethane
540-59-0 1,2-Dichloroethene (total)
67-66-3 —Chlorofora
107-06-2 1,2-Dichloroethane
78-93-3— —2-Butanone
71-55-6 1,1,1-Trichloroe thane
56-23-5——Carbon Tetrechlori4«
108-05-4 Vinyl Acetate
75-27-4 ——Bronchi chloroae thane
78-87-5 1,2-Dichloropropane
10061-01-5 —cis-l,3-Dichloroprop«ne
79-01-6 Trichloroethene
124-48-1 -Dibroaochloroaethane
79-00-5 1,1,2-Trichloroe thane
71-43-2 -Benzene
10061-02-6———trans-l,3-Dichloropropene ~
75-25-2 ——Bro»ofora
108-10-1 4-Methyl-2-Pentajione
591-78-6———2-Hexanone
127-18-4———Tetrachloroethene
79-34-5 1,1,2,2-Tetrachloroe thane
108-88-3 Toluene
108-90-7———Chlorobenzene
100-41-4 Ethylbenzene
100-42-5 Styrene
1330-20-7 Xylene (total)

FORM I VOA



VOLATILE ORGANICS ANALYSIS DATA FEZTT
TENTATIVELY IDENTIFIED COMPOUNDS

Lab Ka»e:

Lab Sarple I.D. _

Matrix: w»t«r

Saxple Vol:

Level: (lov/ved)

(pacX/cap)

Nunber TICs found:

.. Field Sample Number_

Lab Fila ID:

Date Racaived:

Data Analysed:

Dilution Factor:

CONCENTRATION UNITS:
(ug/L

CAS NUMBER

1.
2.
3.
4.
5.
6.
7.
8.
9.
10.
11.
12.
13.
14.
15.
16.
17.
18.
19.
20.
21.
22.
23.
24.
25.
26.
27.
28.
29.
30.

COMPOUND HAKE RT EST. CONC. Q

FORM I VOA-TIC



MATCH VOLATILE SURROGATE RECOVERY

Lab Naae:

1 Field
| CAMPLE MO.

on
02|
03J
04|
051
06]
071
08|
091
101
HI
121
131
141
151
161
171
181
191
201
211
221
231
241
25<
261
27|
281
291
301

SI
(TOL)I

1 62
KBFBJI

.

S3
(DCI)I

OTHER
1
TOTJ
OOTI

QC LIMITS
51 (TOL) - Toluene-d8 (88-110)
52 (BFfi) « Broaofluorobenzene (B6-115)
53 (OCX) - l,2-Dichloro«thane-d4 (76-114)

ff Coluan to be used to flag recovery values

* Values outside of contract required QC livits

D Surrogates diluted out

page of
FORM II VOA-1



WATER VOLATILE MATRIX SPIKE/MATRIX SPIXZ CCPLICATZ KZCOVERY

Lab Have:.

Lab Sample I.D. . Field Sample Number_

Matrix Spike - ZPA Saaple No.:

COKPOUKD

1 , 1-Dichloroethene
Trichloroethene
Benzene
Toluene
Chlorobenzene

SPIKE
ADDED
(ug/L)

| SAMPLE
CONCENTRATION

(ug/L)

MS
CONCENTRATION

(ug/L)

•

KS | QC |
% | LIMITS |

REC l| REC. |

161-1451
171-120!
176-1271
176-1251
175-1301
1 1

COMPOUND

1 , 1-Dichloroethene
Trichloroethene
Benzene
Toluene
Chlorobenzene

SPIKE
ADDED
(ug/L)

MSD
CONCENTRATION

(ug/L)

USD
%

REC 1
%

RPD f

1
O.C LIMITS |
RPD | RIC. |

14 |61-145|
14 |71-120|
11 J76-1271
13 176-125]
13 [75-1301

1 1

4 Column to be used to flag recovery and RPD values with an asterisk

* Value's outside of QC limits

RPD: out of outside limits
Spike Recovery:^ out of outside liaits

COMMENTS:

FORM III VOA-1



VOLATILE KETHOD BIANX SOXMARY

Lab Naae:

Lab File ID: __

Date Analyzed:

Matrix: ' ' water

Instrument ID:

Lab Sample ZD:

Time Analyzed:

Level:(low/Bed)

THIS KETHOD BLANK APPLIES TO THE FOLLOWING SAMPLES, MS AND KSD:

1 Field
| SAMPLE NO.

on
021
031
041
051
061
071
081
09|
101
11!
121
131
141
151
161
171
181
191
201
211
221
231
241
251
261
271
281
291
301

IAB
SAMPLE ID

LAB
FILE ID

TIKE
ANALYZED

COMMENTS;

page of
FORM IV VOA



VOLATILE ORGANIC GC/KS WNIWG AKD MASS
CALIBRATION - BROHOrLDOROBENZENE (BFB)

Lab Va»a:

Lab Sanple I.D. _

Lab Fila ID:

Znatruaant ZD:

Matrix: ••. Vatar

_. Field Sample Hunber_

BFB Znjaction Data:.

BFB Znjaction Tima:.

Laval:(lev/Bad) Column: (pack/cap)

»/a
50
•75
95
96
173
174
175
176
177

ZON ABUNDANCE CRITERIA

15.0 - 40.0% of Baas 95
30. o - eo.o« of Bass 95
Base paax, 1001 ralativa abundanca
5.0 - 9.0% of Baas 95
J>ss than 2.0t of aaac 174
Craatar than 50.0% of »aas 95
5.0 - 9.0% of Bass 174
Craatar than 95.0%, but laac than 101.0% of maac 174
5.0 - 9.0% of aaac 176

% RELATIVE
ABUNDANCE

( )1

( )1
( >1
( 12

1-Value is % BASS 174 2-Valua is % Bass 176

THIS TUNE APPLIES TO THE FOLLOWING SAMPLES, MS, KSD, BLANKS, AND STANDARDS:

1 Field
| SAMPLE MO.

on
02|
03J
041
05|
06|
07|
08|
09|
10|
111
121
131
14|
151
16|
17|
18|
19|
20|
211
22|

LAB
SAMPLE ZD

LAB
FILE ID

•

DATE
ANALYZED

TIKE
ANALYZED

page of
FORM V VOA



VOIATZIZ ORGAKICS ZXITZAL CALIBRATION DATA

Lab Naae:

Instrument ZD: Calibration Date (a):.

Matrix: iratar _ Laval: (lov/»*d) _ Column: (pack/dp) _

Kin 15? for SPCC(f) - 0.300 (0.250 for BroBOfon) Max %RSD for CCC(*} • 30.0%

| LAB FILE ID: RRJ20 •
JWF150-'

RRT50 •
JOU200-

COMPOUND

I.I

I—— —(Chloroaathane
|BroBoatthane
(Vinyl Chloride
|Chloroethane
(Methylene Chloride
(Acetone
(Carbon Diaulfide
(1,1-Dichloroethene
|l,l-Dichloroethane
11,2-Dichloroethene (total)_
| Chi ore fora ~~
(1,2-Dichloroethana
|2-Butanone
(1,1,1-Trichloroethane
(Carbon Tetrachloride '
(Vinyl Acetate
| BroBcxS i chl oroBe thane
11,7-fclchloropropanaJ
(cis-l,3-Dlchloropropene
|..,». .1 chl oroe then
| Dibronochl or oae thane__
(1,1,2-Trichloroethane
(Benzene
(trans-1,3-Dichloropropene
(BroBoforn
|4-Methyl-2-P«ntanone
(2-Hexanone
(Tetrachloroethane
(1,1,2,2-Tetrachloroethane
(Toluene
| Chlorobentene
(Ethylbentene_
(Styrene
(Xylene (total)

(Toluene-dB
|Broaofluorobenzene
jl,2-Dichloroethane-d4
I

70RM VI VOA



VOLATILE COHTXXUXMG CALIBRATION CHECK

Lab NaBa:

In»tro»ant ZD: Calibration Data:

Lab Fila ID:

Matrix: Vatar

Zait. Calib. Data (a):.

Laval: (low/Bad) Column: (pack/cap) j

Kin HW50 for >PCC(f) - 0.300 (0.250 for BroBofon) Max %D for CCC(*) - 25.0%

I
| OOKPOUKD
I

I Vinyl Chloride,
jChloroathane
j Methyl ana Chloride.
IAcetone
(Carbon Diaulfide
|1,1-Dichloroathane
11,1-DI chl oroa thana'
Jlt2-Dichloro«thana (total).
(Chlorofon ~
1,2-Di chl oroa thana
12-Butanona
11,1,1-Trichloroa thana.
(Carbon Tatraehlorida_^
(Vinyl Acatata_
j BrosodichlorOBathana
|1,2-Dichloropropana
|cia-1,3-Dlchloropropana_
j TrichloroaU»an*_
j DibroBochloroaathana
|1,1,2-Trich1oroathana
(Banzana
| trana-lf3-Dichloropropana_
j Broaof om
|4-Xethyl-2-Pej»tanone_
j 2-Kexanone
|Tetrachloroathane_
_

|l«lt2(2-Tatrachloroathana _
(Toluana
|Chlorobanx«na
I Zthvlbantana
jstyrana
(Xylana (total)
I

{ BroBof luorobantana
|l,2-Dichloroathana-d4
I _ '.

__

ERP I
%D

.
"

FORM VII VOA



VOLATILE XXTZRXAL STAHOARD AX£A SUMMARY

lab Mas*:

Lab 7il« ZD (Standard):

Instrument ZD: ___^_

Matrix: Vatar

Data Analyzed:.

Tim* Analyzed:.

Laval:(lev/Bad) Column:(pack/cap)

ZS1 (*CM) - Bro»ochloromathana
Z52 (DFB) • l«4-Difluorobanzana
ZS3 (CB2J - Chlorobanzana-d5

UPPER LXKZT • 4 1001
of inttrnal standard arta.
LOWER LIMIT - - 501
of intarnal standard arta,

I Column u»ad to flag intarnal standard araa valuaa with an a»t«ri«X

page of

FORM VIII VOA



I COVER PAGE - INORGANIC ANALYSES DATA PACKAGE

J Lab Vaae:

i

Field Saaple No. Lab Sacple ID.

Were JCP intereleaent corrections applied? Yes/No

Were ICP background corrections applied? Yes/No
It yes-vere rav data 9«ner«ted before
application of background corrections? Yes/No

Comments:

Release of the data contained in this hardcopy data package and in the
computer-readable data vubaitted on floppy diskette has been authorized by
the Laboratory Manager or the Manager's designee, as verified by the
following signature.

Lab Manager:

Date:

COVER PACE - IN



STANDARD OPERATING PROCEDURE

FOR

THE ANALYSIS OF SEMIVOLATILE ORGANICS IN DRINKING WATER

WITH LOW DETECTION LIMITS

USING GAS CHROMATOGRAPHY/MAS SPECTROMETRY

BY COMPUCHEM

Prepared December, 1988

Revised May, 1990



Quality Assurance Notice

CompuChem follows the attached Semivolatile SOP with modification to Section 6.11.1 of the

SOP, continuing calibration check standard solution. CompuChem Laboratories will use the

80 ng/ul concentration for the continuing calibration check standard solution for benzoic acid,

2,4,5-trichIorophenoI, 4,6-dinitro-2-methylphenol, 4-nitrophenol, pentachlorophenol and 3

isomers of nitroanaline instead of 40 ng/ul originally specified.
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APPENDIX B-3

PROCEDURE FOR GRAIN SIZE DISTRIBUTION

i
r



4. Appurnlii)

•J. I Untiiim: scmilivc lo 0. 1 |.
A.I Miifltir anil Riil'In-r-CurfreJ fcille. suila-

l>lr lor breaking up llic ogjregalions of soil par-
Ik-lei.

-I..1 .V/nrt. No. 10 (2.00-mm) and No. 40
NIV|iin). of square mesh wovcn-wire cloth. con-
forming tn S|<cificntion Ell.

4.-I .Trnii/i/rr — A riffle sampler or umple split-
k-r for quancring the san)plci,

•1.5 Drying .•'/'/""'i"" — Thermostatically
i onl rolled drying oven for UK ii MO'F(60'C) or
Ix-liiw and ill JJO'F (1 10'C), infrared lamps; sir
drier: iif oilier suitable device Tor drying samples.

4.ft I'ilicr 1'iintifli i>r Cnnillft — Dllchner fun-
iH-H II) in. (354 mm) in diameter and Tiller paper
or filler candles.

-1.7 .UIKV//IIIKVMII /.'//iii/iiMc''!/— Pant 12 in.
1 .1114. X nun) iit ilianielcr and 3 in. (76.2 mm) in
depth; a luiluhlc container thai will prevent lo«»
iil'immliirc during storage of (he moist tell lam-
plo prepared in Procedure 0.

rHOCKOUKF. A

5. Siilltpllng

5.1 Dry llic soil umple as received from (lie
lii'lil. iisinf one of (lie following methods: (/) in
iiir nt room temperature. (!} in • dr, ing oven »t

:i umpcrature not e«ccedin| I40'F(60'C). or (})
iivint any warming device dial will not raise (lie
(viupcr.iiiirc of cite sample above HO'F. Break
up thoroughly any afxregalions of panicles using
ilio inorlar and rubl>cr-covered pcule or other
Miicihlc device (Note I). Select a representative
portion by the method of quortering or hy use of
the Mimplcr. This poninn must be sufTicienl lo

provide samples for particle-site analyses of ma-
tout retained on and passing the No. 10 (2.00-
nun) sieve, nnd In provide an adequate amount
nl' material paiiinj the No. 40 (425-|tm) sieve for
tin1 tests to determine soil constants. The
Jiiioiiiits of material required lo perform the
individual lesls are is followj:

I'jMKk Si/< Amlr<li nt Miltriil Kclliixd
»*• NII 10 (7 nrt mm) 5i«»c:

(itjtrllr blilt. I

.v*«J> knit. i
NfH| ,«r i tt f f f •.tilt. I

r.itlM k- Silf Anjl)tit »»f Mflfilit l'4tii

N.i in I ><n mm) Sirx.
<iin.lr kxll. I II)

S'lH it* il^trf *•»*!». i ft

100

I)

10

M

II

4nOQl«IOnm
I tin

4HU

Trill rut IVlrrmUilloii nfSoil Oniumi
I K)o><< I'mb. |
I1«iiie limit. |
Onlrifuit moiltvrc rqulvilcH. |
Shiinll|C IK liMl. |

• (hwklfl l l . (

Hoif I—When Ihe umple coniilni pink
ilialc or UnJilonc or similar wcil mulcriil.
niutl be eiemtcd lo ivolil ciccitive (eduction U ii
liic of ihc rxnklct.

6. Preparation of Test Simplei

6.1 h'i>r rariirlf-Siie flnnlyjli:
6.1.1 Weigh the ponion of Ihe lest

selected for panicle-site analysis and recorf j
the weight of test sample uncortccted for hyiri
scopie moisture. Separate this material Inlobj
poitions using ihe No. 10 (2.00-mm) sieve. V;
utidc Ihc ponion passing for later rccombiniiia.
wild additional material washed from Ihe rxyiin
retained on Ihe No. 10 (2.00-mm) sieve. j

6.1.2 Place Ihc material retained on the NJ
10 (2.00-mm) fleve in a pan. cover with wto;
and allow to loak unlit Ihe panicle
become soft. After soaking, wash Ihe materials
a No. 10 (2.00-mm) sieve in ihc following mu
ner. Place an empty No. 10 (J.OO-mm) sicvtd
the bottom of a clean pm and pour Ihe
from Ihe soaked sample ito the sieve. Add wl
fkicnl water lo bring llu level appronlmalclrt
in. (12.7 mm) above the mesh of the sieve.
fcr the snaked material in Ihe sieve in Incremol
nol cicceding I Ib (0.45 kg), stirring eacli Inert
men! with Ihe fingers while agitating Ihe slert*j
and down. Crumble or mash uny lumps
have nol slaked, using Ihe thumb and Tinpn
Kaiie the sieve above the water In the pan in|
complete ihe washing operolion using a imj
amount of clean water. 1 ansfcr (he washed rw

lerial on Ihc sieve lo a c an p.in before
another increment of looked mntcrial on th
sieve.

ft. 1.3 Dry ihe mitlerial rclnlncd on ihe No. II
(2.00-nnn) sieve al a temperature of 230 i
( l lOdt 5'C). sieve on Ihc No. 10 (2.00-mm) sicn,
and add the material passing the sieve lo simiU
material obtained In 6.1.1. Set nsidc ihe malcru]
retained on Ihc sieve for use in Ihc p.irlicle ii«
analysis.

6.1.4 Scl aside the pan containing llic »iii
i"(!i for 3 period of icvcrul hours or until
w.ncr ntiove Ihe particle! It elciir. Occam. pi|
or upturn off nt modi of the rlenr wjicr •
inmililc (Note -) Dry the tod rciiKiininr; in lit

[|
,-pn it a temperature not ctreeding |40'F(60'C).
(Grind Ihc dried soil in the monar with Ihe rub-
kr-eovered pestle or other suitable device, and
romtiine with similar mitcrinl obtained in 6.1.1.
r t.1.5 Alternatively, after all the soaked male-
rol tut been washed, remove most of the water

^filtering the wash water on one or more Ouch-
|Vrf funnels Tilled with Tiller paper or by using
(her candles. Remove the moist soil from the

rpur paper or Tiller candle*, combine with any
|ir\]imcnl remaining in Ihe pan, and dry al a
kjcmrxralure not enceeding I40*F(60'C). Grind
;'J<dried soil in the monar with * rubber-covered
[pestle or other suitable device and combine with

'r'milar material obtained In 6.1.1.

y. Hou J—In lome iniltneci. the w»»h wucr will nol
IkTMncclcirIn a fcitoniWc lcn|ih of lime; In thlieiM
'•V iniiic volume mutt be cvipoined.

>'l a.7 For Drtrrinlnnllnn nf Sftll Contlanll—
frocccd In accordance with 6.1. substituting a

^ No <0(425-|im) sieve for the No. 10 (2.00-mm)

(JO; 02217

|| NOtt J—In some areas It Ii pouihlc ihil the ealloni
'•fulii present In ihc lip witcr may cich»n|c whH the
mini Cillonl In Ihe toil and iller |l|nlflcinlly ihc

,;\il»rt of Ihc toll eontlinlt ihould lip wucr be u«d In
'. IV Miking and withing opcralloni. Unless It it known

itot iwch rillont arc not preKnl In Ihe lap wucr.
frilled or dcniineralircil walcr ihnuld he uwd. The
xulini ind withlni operation wilt remove soluble salts
rwiiinej In Ihe sol). When soluble ultt ire preKnl In
t* wit. Ihc with wafer ihnuld he u*r<l *"d cvtnoriltd,
iiî lhc ulu returned lo Hit mil umple.

7. Test Simples

V 7.1 Keeping each ponion separate from the
!*thcr ponion, ml* thoroughly ihe portions of the
/toil umple passing Ihe No. 10 (2.00-mm) sieve
f ind the No. 40 (425-|tm) sieve. Oy Ihc method

i of quartering or by thr. use of the snmplirr, select
j lid weigh out lest samples of the weights indi-
otfd in Section 5. at may he needed to make

I «\c required letli.

I'KOOIDIIHK II

' I. Samples

1.1 Samples prepared in ticcivrd;incc with this
procedure must l< shippc<l from Ihe field lo Ihe
bhnralnry in scaled conlnincrt and must contain
ill their natural moiiluic. Sample! obvinutly
ninlainlnt only p.irliclcs patting llic Ho. 10

' (I (10 nun) sieve m.iy l>o tested In the puriklc-

siic analysis without Tint washing on Ihe No. 10
(MtO-mm) sieve. Samples obviously containing
only panicles passing the No. 40 (425-|im) sieve
;nay be usec1 in Ihe lesli lo determine soil con-
stants without Tint was) ing on the No. 40 (423-
pm) sieve.

9. Preparation of Teil Samples '

9.1 Fur Panicle-Silt Ancityttt:
9.1.1 Select and weigh a representative por-

tion oflhe moist umple estimated lo contain 50
| of paniclei passing the No. 10 (2.00-mm) sieve
for silly and clayey soil, or 100 g for sandy soil.
For tamplei containing particles not palling the
No. 10 (2.00-mm) sieve for which a particle-tile
analysis is required, select and weigh a represent-
ative somple estimated lo contain the required
amounts of panicles both patting and nol pjttlng
Ihc No. I0(2.00-mn.\sieve. Determine the mois-
ture content at 230 ± 9'F (110 ± 5'C) using an
uuiiliary sample, for use In Method D422.

9.1.2 Soak the moist sample and wash on a
No. 10 (2.00-mm) sieve as descril>ed In 6.1.2.
After washing, dry the material retained on Ihe
No. 10 (2.00-mm) sieve In an oven at a temper-
ature of 230 ± 9*F(110 * 5'C). weigh, and retain
fnr Ihe panicle-sire analysis. If Ihe volume of the
wjsh water and soil is loo large for use in Ihe
sedimentation procedure of the lest for panicle-
siie analysis, evaporate eicess water by eiposure
to air at room temperature, by healing In an oven
at a temperature nol eiceeding 2)0'F(110'Q. or
hy boiling. Regardless of the method of evapo-
ration used. Ihe following precautions musl be
taken: (/) <llr Ihe slurry from time lo lime lo
prevent a dry toll ring from forming on the walls
of Ihe evaporation vessel, and (7) return the
icmpcrniure of Ihe umple to room temperature

before testing.
9.2 I'M Dcirtinlnnllnn iifXall (. 'mi i/u»i( t—Se-

lect a representative ponion of the moist s-imple
estimated to contain tufTicienl particles patting
Ihc No. 40 (425-|im) sieve In make (he required
tctlt fnr determination nf soil constants. Soak
this selected ponion of the moist sample and
wash on the No. 40 (42J-|im) sieve as described
in fi.2 (Note 2). Reduce tlw moisture content of
the mnierial palling the No 40 (47)-iim) sieve
until the matt rencltes a (>ully-like roniiiirncy
(Mich at 30 In 35 dinpt of tl>c tup in Ihe liquid
limit It'll) but ncvn l>clow llic n:iliirnl mtmliire
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GRAIN SIZE ANALYSIS OF SOIL

Scope and Application; This method 1s applicable to soil samples collected
as part of the Splckler Landfill site RI/FS. A
total of forty soil cover and soil boring samples
are anticipated. The Splckler Landfill site RI/FS
1s a PRP lead Investigation.

Method: Particle size analysis of soil.

Reference: ASTM Methous D421, and D422 and D2217 (see attached).

Detection Limit; 2 percent by weight.

Sample Handling: Samples will be air dried at 60*C upon receipt. After
drying, the sample, or a representative portion of the
sample, will be separated Into fractions passing and
retained on a 2mro sieve per ASTM Method D421 or D2217. The
fractions will then be stored until analysis.

Reagents and Apparatus;

1. Balance (0.01 g sensitivity)
2. Dispersion cup •
3. Hydrometer
4. Sedimentation cylinder
5. Thermometer (0.5* sensitivity)
6. Sieves (see ASTM D422'Section 3.6)
7. Temperature controlled room (±*C)
8. 4X Sodium hexametaphosphate solution

Reagent Preparation;

The sodium hexametaphosphate solution 1s to have been prepared within 30 days
of use.

Procedures;

1. The sample fraction greater than 2mm 1s fractloned by sieving using
sieves and procedures as outlined In Section 6 of ASTM D422. The sum
of the masses of the sieved fractions should be within ±2g of the
original fraction mass.

2. Determine the hygroscopic moisture content of the less than 2mm
fraction by drying a minimum of 10 to 15 g subsample to constant
weight at 110 plus or minus 5 degree C.

3. Disperse a 50 g sample 1f the sample 1s primarily silt and clay or a
100 g sample 1s primarily sand for one minute using a dispersion cup
as outlined 1n Section 9 of ASTM D422.



I

j 4. Transfer the dispersed sample to a sedimentation cylinder, suspend
L the sample by successive Inversions and record hydrometer readings

after sedimentation times of 1, 2, 3, 6, 15, 60, 120, 300, 420 and
j' 1440 minutes.

5. After hydrometer readings are complete, the hydrometer and
.. ' hygroscopic moisture specimens are combined with the remaining P10

and RIO material for sieving.

L

t

L
i

U
i

L
i

L
i

L
4 *

L
!.'
L

Reportables;

1. Submit all raw data Including container tare weights, hydrometer
readings (along with any correction factor associated with the
hydrometer used) and temperatures.

2. A data summary will be provided as described 1n Sections 17 and 18 of
ASTM Method D422.

Quality Control;

1. Laboratory duplicates will be run at a frequency of one per ten
Investigative samples and at le<
should agree within 10 percent.

I Investigative samples and at least one per sample set. Duplicates

2. If performance criteria for duplicates 1s exceeded, the Warzyn
project manager (T1m Helka, 608-273-0440) should be notified as soon
as possible so a determination regarding reanalysls can be made.

[Jpl-602-84b]



Nrirc 9—Other In iliu Kit procedures ire being
prcnircd by ASTKI Commiilec D.|l.

9.2 The soil and rock Invejtigilion should
consist oflhe/ollowing steps.

9.2.1 A review of all ivailihle Infornullon
on Ihe geologic history and formation of rock,
or soil, or both, and ground-water conditions
occurring at Ihe proposed location and in Ihe
immediate vicinity.

9.2.2 On-iiie investigtiion of the urCice and
subsurface materials by either wash borings.
h»nd- or power-auger borings, test pill, totary
or cable-tool (churn) drilling, and geophysical
methods.

9.2.2.1 A determination oflhe depths 10 wa-
ter (able and Firm foundation material, cither
bedrock or satisfactory load-bearing soils.

9.2.2.2 Field identification of soil and rock
types with depth records of their occurrence,
and loo lion of (heir structural diiconiinuiiiei.

9.2.2.) The recovery of representative dis-
turbed samples for laboratory classification
lens of soil, rock, and local construction mate-
riM. These should be supplemented by undis-
turbed specimens suitable for the determination
of those engineering properties pertinent to Ihe
investigation.

9.2.3 An evaluation of performance of enisl-
ing installations in Ihe immediate vlcinily of
the proposed site, relative to their foundation
material and environment.

10. Classification of Material

10.1 Treat samples of soils and rock submit-
ted lo the laboratory for identification and
cl.vuificalion leils in accordance with one of
Ihe following:

10.1.1 Test Method D 2487.
10.1.2 Practice D 3282.
Kl.1.3 Descriptive Nomenclature C 294.

This Is a brief, useful description of the more
common minerals and rocks at they occur In
nature.

11. Interpretation of Results

I I.I Interpret Ihe results of an investigation

only in terms of actual findings and make CTM
effort lo collect and include all field indtito
ralnry data from previous investigations intlj
jamc are*. Hxlrapolalion of data inlo loca*
aicis nol surveyed and tested can be dontc«)j
where geologically uniform subsurface diipf
sition of soil and rock arc known lo <ic(
Engineering properties of Ihe soils and rocu
encountered on important project! ihould tq
be predicted wholly on Held Identification!^
classification but should be checked by lik»,
ralory and Held tests made on samples colUcttl
In jccordance with (.1 and 9.1. ,Jj

11.2 The recommendations for design py
Hinders can be made only by profciiio«4
engineers or geologists who have specialised*,
the field of soils and foundations or highlit,
engineering, and who are familiar with tti
problems for which Ihe iludy Is being mi<J<,
Soil mechanics, rock mechanics, and geomofj
phological concepts must be combined wltkl
knowledge of structural or pavement engineer-
ing in order lo make a complete appllcatioarf
the results of the soil and rock survey. A mat
dctiiled sludy than that envisioned by 114
recommended practice may be necessary be fat
design recommendations can be made. •

12. Iteporl .

12.1 A subsurface Investigation repot
should: '

17.1.1 Locale Ihe area investigated In term
pertinent lo Ihe project. This may Incluoi
sketch maps or aerial photos on which Ihe lea*
holes, pits, and sample areas are located, at
well as topographic items relevant to Ihe dciii.
minaiion of Ihe various soil and rock typo,
such as contours, slrcambeds, pot holes. clin\
etc. Where feasible. Include a geologic maprf
Ihe area Investigated In Ihe report. •

17.1.2 Include copies of all borings and lest-
hole logs and of all laboratory lesl results. .•

12.1.3 Describe and relate the findings oV
talned under Sections ). 4. ), and 6, using ll*
subhead titles for Ihe respective sections.

T\t AfHrrlt** S»elrtjr fff Titling **4 HtlttMi li\ti mf f m t t t l m n infilling Inr tmtijlip if mnr fmltnl llgnlt millHltti
rnnrnifn >4iV tnj Inn, n,,n,ltn,J In ikfi ,i,*JMJ Hurl i/inn timnJ^Ji,, iifiiitlfmMitJilinl Jmimlntltfn •/'»' xlb]
tf mnr t»,n fmlinl ,1̂ 1,. mnj iKi >ltt •[ ^•Ingimnl mf a*ln s/fA'i. HI tnikilf i It,I, t~.l tilt

j ii iw»y,,i i. ,1,1,1,, „ ,,
J.tli\tn,.ft,t*i4,
l.,IJ I, ,JJ,,,,,Jit

lMltt* ffl

».«» mi ,,,i,.,j

*I,,,,I Ytut i • ••*» wilt i,ttl,i if,,
•,lfini,mleu,lnltmlit~~lll,t. . Alt* /». m,f ,11,*4 If fm, f,,t ilml jm*, unmtinll nmn nmi ,,ti( f,l, tinitngfrnm il
t tmkl f,,, ,tiwl l».n |< Ik, AITH Cmnmlil,, „ S,,«J,,J, If II fmi , II. fMlntllfMm, tm l\
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Standard Practice (or

DRY PREPARATION OF SOIL SAMPLES FOR PARTICLE-

SIZE ANALYSIS AND DETERMINATION OF SOIL

CONSTANTS'

i(4 II tinted ufHlri |K< fiftfO dtll|A»lon O Ol; tKc punlbfr Inimcdiilclf rollowint tKc drti|nillon IfwtKilri iK* p
llM.M. I* iHctiM »T l«»iilo«. lln r*H »l l»ll ffvilim. A nunibcl Id pJKlilKtHI Indiviui Itx y<«( itfl^vl nape"
trx!!**!,.) ImJiriKt •• rililwlil chli>|< llmt Ihe lltl fr'lllen M l(lr>p>«»ll.

Me for breaking up the aggregations of *°il par-
lirlci.

4.3 Slrm—A series of sieves, of square mesh
wovtn wire clolh. ronforniin| to Spcrilication
Ell. The sieves required »f e ni followv.

No. 4(4.T).fnni)
No. 10(1.00 mm)

No. 40 («» (i'">

4.4 Siimi'lrr—A riffle sampler or sample split-
ler. for qurierlng Ihe samples.

5. Sampling

5.1 Eipote Ihe toil sample at received from
the field to Ihe lir il room temperature unlit
dried thoroughly. Dread up the aggregations Ihor-
ouglily in the mortar with • rubber-covered pcs-
llc. Select • representative sample of the amount
required lo perform Ilie desired lesli by Ihe
method of quartering or by the use of a sampler.
The amount! of material required 10 perform the
individual tests ire as follows:

5.1.1 /Vir/iY/rSirrvliiri/Ym—For the particle-
tiic analyiii. material passing a No. 10 (J.OO-
nun) iicve II required in amounts equjl lo 115 g
of snmly soils and 6) g of either sill or clay soils.

5.1.7 YV.IM fur Stiil CIMM/CMIM — Tor the tests
f<ir soil consianll. malerial passing the No. 40

.I.I This practice covers Ihe dry preparation
«f toil samples «s received from Ihe Held for
•pjrwle-slic analysis and the determination of

;d* soil constants.
L.I.J Thlntanfltirdtuny Inwlve Imiarilina inn-
*lalah. aprrnllani, and rr/iii/»iirnr. 77i/i iltinilnnl
Uw mif puriMrl lo ntlilrttl all nfllir ii(ft-ly iirnli-
tint MvxIaieJ iiVf/i In nif. It It ihf miiimlbll-

'•ft if winterer met lltij iiiiiiilnrd lo nmtii// anil
nlihliih aiii>rni>rliile siifrt? unit heiillh firafllfe.i

f • 'ifktdiimnine the appHraMlitr nfrrgululivr Unit-
•\Miiun prior lit me.

Applicable Documents

^ 1.1 ASTKI Slamlanlr.
\\... D22I7 Practice for Wet Preparation of Soil

Samples for Panicle-Stic Anulysis and D<-
lermlnaiion of Soil Constants'

i 11 Specification for Wire-Cloth Sieves for

Testing Puriwscs1

r X Slcnlftcanre and Use

f,', •).! This practice ton be used lo prepare Jam-
alet for partlclc-slie and plasticity tests where II

.'It oVsired lo determine lest vulucs on air-dried
:' simples, or where il is known that air drying
'•Us nol have an clTccl on lest results relative to
,'umplcs prepared in nrtnrdnnce with Practice

',02217.

i. 4. Apparatus

}; •!.! Ihiliimr. sensitive In O.I g.
4.1 KliHlur innl Kiililvr-l'iirri'-1 /'rif/i1. iiiila-

11 hit poriirt Ii «odtr iKt l.iltJklion of ASTM Commiim
IMS e* Soil inj Hex I >nd ii ilx Jiim i<i|«mibil>ir tt
5urVnminill(( OII.OI an Tcllwr. Pljilif ilf, »»J I Vmi'r O-«<-
MLiiilirtolSaili.

l>. IVIt. Ofi|imllr r~IJ,vK»J ii O <!l - )) I. Uu p...«~i

'.!.,«„,./ A,.J ./.IT/*/ Sl»n,l.,'Jl. V,J III (II

'.!„..,„./ /1,>4 ,/ IV/J/ .Vi.,,./.,'./,. ViJ IIII!



dromcter 13211 it it the difference between the
rending ind zero. Bring the liquid and the hy-
drometer lo ihc oilier temperature lo he used,
and secure the composite correction it before.

8. Ilygroscnplc Moisture

K.I When the sample It weighed for the hy-
drometer (ett, weigh oul in auniliary portion of
from 10 lo 15 t I" * small mclat or glass con-
tainer, dry Ihc urn pie to a contlanl mass in an
oven at 2)0 ± 9"F(I10 ±.J'Q. and weigh again.
Record (he masses.

9. Dispersion of Soil Simple

0.1 When (lie soil it moslly of the cUy and till
sizes, weigh oul a sample of air--try soil of ap-
proximately 30 g. When ihe soil is mostly sand
the sample should be approximately 100 g.

9.2 Place ihc sample in Ihe 230-mL beater
an<l cover with 12) mL of sodium hexamela-
phosphate solution (40 |/L). Stir unlit the soil it
thoroughly welled. Allow lo soak for at (cast 16

li.
9..1 Al Ihe end of Ihe soaking period, disperse

Ilic sample further, uiing cither illrring apparatus
A or 0. If stirring apparatus A is vied, transfer
the soi l -water slurry from Ihe beaker Into llie •
special dispersion cup shown In Fig. 2, wishing
any residue from the beaker into Ihe cup with
distilled or dcmineraliied water (Hole 9). Add
distilled or dcmineraliied water, if necessary, so
that the cup is more than half full. Slir for a
period of I min.

NOTI f—A l«i|c liic lyrinie It • convenient device
for hinOlin| liic w«ier In the wiihing opcrillon. Other
device! include Iht with-wntr bollle «nd • hou wiih
nonle connected lo a prcsiurtfeo' dlillllcJ wiltr link.

9.4 If stirring apparatus D (Fig. 3) is used,
remove Ihc rover cap and conned Ihe cup lo a
compressed air supply by means of* rubber hose.
A air gage must be on Ihe line between Ihe cup
und Ihe control valve. Open Ihe control valve so
llul the gage indicates I psi (7 kl*a) pressure
(Nine 10). Transfer Ihe soil-water slurry from
the beaker lo Ihe air-jet dispersion cup by wash-
ing with distilled or dcmineralitcd water. Add
distilled or dcmineralited walcr, if necessary, so
that Ihe loljl volume in (lie cup is 2)0 ml., Inii
no more.

Ni»r 10—The tniiiil ilr prctiurc of I rni It require.I
In prevent ihc mil - viler miilurt fiom enuring ihe
•ir-jel chanilter tvhcn lite mitlurc li IramfcfreJ lo lite

cup.

9.) Dace ihe cover cap on the cup and opn
Ihe air control valve until the gnge pressure ti X
psi (HO kTa). Dij|xrse Ihe soil Recording lodt
following schedule:

ulrltr Imfei

tlndfi S
<!•><>
O'tl JO

10

I)

Soils containing large percentages of mica ntd
be dispersed for only I min. After the dispcrtica
period, reduce ihe gige pressure to I psi prepay
atory lo transfer of soil - water slurry to Ihe *4
imenlallon cylinder. .vl

•*
10. Hydrometer TeJI •'

10.1 Immediately after dispersion, transfer^
soil - water slurry to the glass sedimentation cjt
Inder, and add distilled or demineralited wikt
until Ihe tola! volume is 1000 mL.

10.2 Using Ihe pslm of ihe hand over the opn
end of Ihe cylinder (or • rubber stopper In tti
open end), turn the cylinder upside down id
back* for a period of I mln lo complete ik
agitation of Ihe slurry (Note II). Al Ihe end of I
mln set Ihe cylinder In < convenient location J/J
lake hydrometer rt idings at the following Inlet-
vals of lime (measured from Ihe beginning
sedimentation), or as many as may be needed,
depending on ihe sample or ihe specification fa
Ihe material under lei): 2, 3, 13, 30, 60, 230, Inl
1440 mln. If the controlled water balh is usr<
Ihe sedimentation cylinder should be placed ii
Ihe balh between the 2- and 3-mtn readings. •

Nori 11—The number of turns during this mint*
thould be •pproilmiitly 40, eounllni Ihc lurn urnli
dawn ind bick as two (urns. Any toil remaining U it
bottom of Ihe cylinder during Ihe first few turns tho»lf
be loosened by vlforous thiking of Ihc cylinder »M
h Is In Ihe Inverted poilllon. ,

10.3 When it Is desired to lake a hydromclo
reading, carefully Insert ihe hydrometer aboul X
lo 23 s before the reading is due lo appro«imittrj
the depth It will have when Ihe reading is Ulti
As soon as Ihe reading is taken, carefully temoit
Ihc hydrometer and place It with a splnnin)
motion In a graduate of clean distilled or demit;
croliicd walcr, '

Hnre I I—li It Important lo remove ihe hydromtu
immediately >0tr citli rcidini Ke>ilin|t ihill be (tin
• I the lop of Ihe rncnlteui foimeJ hy lite ititpentioi
• rnuitd Ihe iirnt, littce ll It not pnitiltlc lo
iri.linf I >l lite loilnm of ihe ntcnJKus.

.•>'. 10.4 After each reading, take Ihe temperature
.of the suspension by Inserting the iherinomelcr

Llalo ihe suspension.
i

Ml. Slert Analysis

|' 11.1 After taking the final hydrometer read-
|A(. transfer Ihe suspension to a No. 200(73-|im)
rftre ind wash with lap water until Ihe wash

j-viler Is clear. Transfer ihe material on Ihe No.

(
' NO sieve lo a suitable container, dry In in oven
H 230 ± 9'F (110 ± 3'C) and make a sieve
imlysis of Ihe portion retained, using as many
sieves as desired, or required for the material, or

Upon the specification of Ihe material under lest.

I. CALCXJI.ATIONS AND RITORT

'•)]. Slur* Analysis Vatuei for (he Portion
'>' Coarser lhan Ihe No. 10 (2.00-mm) Slett

12.1 Calculate the percentage passing ihe No.
> lOiieve by dividing ihe mass passing Ihe No. 10

e by Ihe mass of foil ori|ina))y iplii on ihe
f: (to. 10 sieve, and multiplying ihe result by 100.
"•T« obtain Ihe mass passing Ihe No. 10 sieve.
liublnel Ihe mass retained on Ihe No. 10 sieve
lorn Ihe original mass.
\ 11.2 To secure ihe lota) mass of soil passing

1 to No. 4 (4.73-mm) sieve, add lo Ihe mass of
*> to material passing the No. 10 sieve the mass of
'.fe fraction passing ihe No. 4 sieve and retained
M the No. 10 sieve. To secure Ihe tola) mass of
ml passing the K-!n. (9.3-rnm) sieve, add lo ihe
Mil mass of soil passing the No. 4 sieve, the
niss of Ihe fraction passing the Win. sieve and
(tuineil on Ihe No. 4 sieve. For Ihe remaining
vcrcs, continue the calculations In Ihe same
Dinner.
( 12.3 To determine Ihe lota) percentage pass-
ln| for each sieve, divide Ihe tola) mass passing
(ice 12.2) by Ihe total miss of sample and mul-
tiply Ihe result by 100.

I). Hygroscopic Moisture Correction Factor

13.1 The hydroscopic moisture correciion fac-
tor Is the ratio between ihe mass of the oven-
iried sample and Ihe air-dry mass before drying.
I is a number less lhan one, cicepl when Ilierc
k no hygroscopic moislure.

II. Percentages of Soil In Suspension

14.1 Cnlcul.itc the oven-dry muss of snll used
,'• the hydrometer analysis liy multiplying die
ir-dry miss l»y llie hyi;ro^ropic numliiro oirrrt-
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lion factor.
14.2 Calculate the mass of a total sample rep-

resented by the mau of soil used In the hydrom-
eter lest, by dividing (lie oven-dry mass used by
Ihc percentage passing the No. 10 (2.00-mm)
sieve, and multiplying the result by 100. This
value is Ihe weight W in the equation for per-
cenlage remaining in suspension.

14.3 The percentage of soil remaining In sus-
pension al Ihe level at which the hydrometer is
measuring Iht density of the suspension may be
calculated as follows (Hole 13): For hydrometer
131II:

r - KIOO ooo/in * G/«7 - G.IK* - <7,l
NOTt I)—The brjcVeted portion of Iht equitlon

for hydrometer 15III li coniimi for « veriei of re»din|«
and may be ulculned Tint ind I hen multiplied by ihe
portion In Ihc fxrtniheus.

For hydrometer 13211:

/* - (flo/lil x too

where:
0 - correciion faction lo be applied to the read-

Ing of hydrometer 152)1. (Values shown on
Ihe scale are computed using a specific grav-
ity of 2.63. Correction factors are given In
Table I).

/* ™ percentage of soil remaining In suspension
al the level al which the hydrometer mea-
sures Ihe density of ihe suspension,

ft - hydrometer reading with composite correc-
lion applied (Section 7),

W - oven-dry mass of soil in a lota) lest sample
represented by mass of soil dispersed (see
10). g.

C - specific gravity of Ihe soil panicles, and
<7i - specific gravity of Ihe liquid in which soil

panicles are suspended. Use numerical
value of one In both instances in Ihe equa-
tion. In Ihe first instance any possible vari-
ation produces no significant eflecl. and in
Ihe second Instance, the composite torrcc-
lion for K is based on a value of one for (!,.

IS. Diameter of Soil I'urtlrlet

13.1 The diameter of a punicle i-ormponding
lo Ihe percentage indiralrd Ity a given hydrnme.
Icr reading shall ho calciilulcil according lo
Stoles' taw (Note 14), on the Unii Iliul • panicle
of lliii diameter was at llie surface of the suspen-
sion al ihe beginning of u-diiiieiiluimn and had
iiMiletl In Ihe level ul which llie hydrometer li

demity of lite iu\|vmiitti. Aivortl-



Stokes' law:
- G,)| x L/f

here:
> » diameter of particle. mm.-

- coefficient of viscosity of the impending
medium (in iltlt case, wiicr)irt poises (varies
with chances in temperature of the sui-
pending medium).

. • distance from llic surface or the suspension
In the level at which the density of the
suspension It being measured. cm. (Tor t
given hyilromcler and sedimentation cyl-
inder. valuci vary according to the hydrom-
eter readings. This distance is known as
effective depth (Table 3)).

'/' - interval of lime from beginning ofscdimcn-
lallon to the taking of the reading, min,

d " specific gravity of soil particles, and
r/i - specific gravity (relative density) of im-

pending medium (value may be used at
1.000 for all practical purposes).

Nnrr 14— Sinre Slates' Itw eonildtn the lermliul
velocity of I tingle iphere fillint In »n Infinity of liquid.
the liict rilculaitd ttprcxnl the diimcitr of iphtrcs
Hot would fall il I he unit rile n the toil pirtltlei.

15.2 For convenience in calculations Ihc
iihovc equation may be written as follows:

0- K-/L/T

where:
A,' - constant depending on (he temperature of

the suspension and the specific gravity of
the soil particles. Values of A' for » range of
temperatures and specific gravities are given
in Table 3. The value of K docs not change
for a series of readings conililuling a lest.
while values of L and 7" do vary,

1 5..1 Values of D may be compulcd with suf-
ficient accuracy, using an ordinary 10-in. slide

rule.

Noir I)— The value ofL Is divided by 7" using the
I' »r»J /'-Kalei. iht vquirc root being indieaicti on lite

/>-K»lc. Without iircniinlng Iht value of Ihc square
null il mi)' he multiplied by A', uilng cither the C- of
( /-wale.

16. Slctc Aniljslj Values for I'orllon Finer linn
No. IO(}.00-mm)Slere

I S.I Calculation of percentages passing the
»:irious sieves uied in sieving Ihe portion of the
simple from (lie hydrometer lest involves levcr.-il
iti'pv The fun jicp ii In calculate Ihe ma<s nf Hie

J422 '

* - "'
fraction thai would have been relied oa
No. 10 sieve had II not been removed. This run
is equal to Ihe tola) percentage retained ortiV

No. 10 sieve (100 minus total percentage pau'M
times.the mass of Ihe loial sample represeiiid
by the mats of soil used (as calculated In IO|

, and Ihc result divided by 100. • -U
16.2 Calculate ne«l Ihe total moil passingdi|

Nn. 700 sieve. Add together Ihe fractional muni
rcliined on all Ihe sieves. Including Ihe No. )|
sieve, and subtract this sum from Ihe mass of lV
lota) sample (as calculated In 14.2).

16.3 Calculate neil Ihe total masses
c.ich of the other sieves, in a manner similar I)
Ibai given In 12.2.

16.4 Calculate las) Ihe tola) percentages pi*
litg by dividing Ihe tola! mass passing (as cilo
died In 16.3) by Ihe total mass of sample (t
calculated in 14.2). and multiply Ihe result Vj
'100.

17. Graph

17.1 When the hydrometer analysis Is pr>
formed, a graph of Ihe lesl results shall be nude,
plotting Ihe diameters of the particles on a lot*
rilhmic scale as the abscissa and the pcrcenUja
smaller than Ihe corresponding diameters Ion
arithmetic scale is Ihe ordinalc. When Ihe kf
dromelcr analysis Is nol made on • portion t
Ihe soil. Ihe preparation of the graph is oplionjl
since values mfiy be secured directly from lab»

laied data.

IB. Report

IS.) The report shall Include the following:
18.1.1 Matimum si<e of particles.
18.1.2 Percentage passing (or retained o«

each sieve, which may be tabulated or prcsenlr
by pinning on a graph (Note 16).

I H.I.3 Description of sand And gravel parti-
clcs:

15.1.3.1 Shape—rounded or angular.
15.1.3.2 Hardness—hard and durable, soft,or

weathered and friable,

I S.I.4 Specific grnvily, if unusually high or
low.

18.1. J Any difficulty In dispersing Ihc fraclio
passing Ihe No. 10 (2.00-mm) sieve, Indicatin
any change in lype and nmnttnt of dispenin
agent, and

18.1.6 The dispersion device used and lh«
of the dispersion period.

» rtofl It—Thli Ubulaiion of graph represent- ^
of Ihe umplc letted. If particles larger )

contained In the umplc wtrc removed bcloic
k*l*g. Ihc report shall so slate giving Ihe amount and
aatlmum lilt.

i '11.1 For materials tested for compliance with
'itfinile specifications, the fractions called for In
sued tpecificaitoni shall be reported. The frac-
tions smaller than the No. 10 sieve shall be read
'torn Ihe graph.
I 11.3 For materials for which compliance with
definite specifications Is not Indicated and when
the toil Is composed almost entirely of particles
piling Ihe No. 4 (4.7J-nim) sieve, the results
nirj from the graph may be reported as follows:

(I) Onvel. panlng 3-ln. and iclalned on ^
I No. 4 il«ve
(7) Sand, patilnf No. 4 iltvc and re-
> lalned on No. 200 lien
'.' («) Coirw und. patting No. 4 ilevc

and retained on No. 10 ilcvc
I |a) Medium sand, patting No. 10

sieve and retained on No. 40 X
sit**

(r) Fine und, paulng No. 40 ilcvc ^
and iclalned on No. 700 ilevc

(fl Sill lite. 0074 to 0005 mm X

(0 Oiy llir. Imilttr thin u<»)J mn.
Colloids, imalkr than 0001 mm %

18.4 For materials for which compliance with
definite snecificallons Is not indiculcil uiid when
Ihe soil contains material retained on I he Ni«. 4
sieve sufficient to require » sieve unntyvii on thai
portion, the results may l< ri-jwificil us follows
(Note 17):

SlkVI AHAl.vtH
I'CflCllllfC

Sieve Slyc 1'iuliig

Mn.
M n . . . .
IVi-ln.

I-In.
V..|.i.
V. In.
Nu. 4(4.75-mm) .

• Nil. 10(7 00-mm)
No. 40(41 J-|im)
No. JOO(7J-jim) ..

llrninuirrtii AHAI ttn

0.074 mm
(100} mm
OlXJImm

Norf 17—No. I (7.)&-mm) ind No. )0 ()UO pm)
licvtt miy be lubilitulrd for No. 10 md No. 4(1 licrtf.
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nil. Hfdiirlion of moisture conienl may be
implijhcd as follows: by exposure to lir tl
nnry room temperature, by heating in an
i ai i temperature not e*cceding 2JO'F
|'C). hy boiling, by filtering on * DOchner
icl. or Ity use of filter candles. During evap-
uin anil cooling, ttir the sample often cnou|h

ovcrdrying of the fringes and toil

ln

pinnacles on Ihe surface. Cool Ilie healed ui»ĵ
to normal room temperature before leilinr,r«
joil s»mpicj containing soluble salts. •«(
method ofwiter reduction that will not climita
Ihe jnlublc salts from (be leu umplc. Protect k
prepared sample In • suitable container hi
funhcr ilryini until til required tests havtfa
Informed. '

if lAi'i umjiij. UutitflMi litmlff f't i' frill, fJ-lirJ linn ̂ rtmnfMifiM i/'*' WiJirf V*f H
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Dctlgnatlon: D 2325 - 66 (Fl«»pproved 1061)-'

Standard Tost Method for

CAPILLARY-MOISTURE RELATIONSHIPS FOR COARSE-

AND MEDIUM-TEXTURED SOILS BY POROUS-PLATE
APPARATUS'

rd b liiutd under |K< A>cd dril|niilon D DM; IM ovmlxt Inmrdldilr fonawt*! ik« dal|i.ill«it l*d«nci iKi p•
!«\lrulidopilaiior, Imrx ciu oTrolilaii. ihi ytir eri>iC»»lilo«. A number IK ptrtmhon Urfkuti (Kt ftir of lui rcipcoa

' rr«llM|i)lMllriiciiii tdhoHilcKifi|t I|MI IKcliii rtrlilexor niDpr*Ttl.

,'Hoii—Sccila* I w«i »ddol tJi«xi«llf <iidr4ii»rl>l<riiii|ri»trf mxlt ihiou|ho<il I* Ociotxr ItM.

l!

I. Scope

; l.t This lest method covert the determination
'itf ripllljry-molilure relationships for coarse-

>IIK| medium-textured soils is Indicated by Ihe
"ttoil-'molsture tension relations for tensions be-

10 and 101 kPa (O.I and I aim). Under
conditions, moisture tension li de-

t fncdai the equivalent negallve gnge pressure, or
J'luctlon, corresponding to a soil moisture content,

test method determines the equilibrium
,'nolilure content retained In i soil subjected to
'l |!ren soil-water tension. This lest method Is
sol tullable for very flne-letlured tolls.

Hoi I I— For dcltrmlnillon of ripflliry-moliiure
for flnc-icilurcd will, icfei to Tell

Documents

J.I ASTM Standard!:
D4JI Practice for Dry Preparation or Soil

Samples for Particle-Site Analytii ind DC-
termination of Soil Constants'

D69I Test Methods for Moisture-Density de-
lation) of Soils tnd Soil-Auregale Miilures
Uilni 5.5-lb (2.49-kr.) Rimmer and 13-in.
(]0)-mm) Drop1

J 0)1)2 Test Meitiod for Capillary Moislnre
' ' Rclalionshipi for Fine-Textured .Soils by
\ Pressure-Membrane Apparatus'

I ). Summary of Method

! ) I Sntiiruted soil snmplci ore plnceil In cnn-
> txl with a saturated porout plulc ioilallcil within

lfr The bolioin of each plate it

covered by • rubber membrane, or otherwise
sealed to be alnlfhi. The bottom of each plate is
maintained it atmospheric pressure by means of
• small drain lube or openint through the tide
of Ihe pressure chamber. A tleiired air pressure
admitted to the pressure chamber, «nd conse-
quently to ihe lop of the porous plate, creates a
pressure drop across Ihe porous plale. The ulu-
rated soil samples on Ihe plates establish equilib-
rium with (he water In Ihe plale. The water, held
(I a leniion leu thin the pressure drop acrois Ihe
porous plate, will then move out of Ihe soil,
through the plalr. 4nd out lhroii|h the drain tube.
When water has ceased to flow from Ihe sample
and porous plate, (indicating equilibrium for thai
particular tension), lliC muiilure content of each
sample is determined. A series of these tests at
vinous tensions is required to prepare • complete
curve of the capillary-moisture relationship for
• ny particular soil.

4. Apparatus

4.1 An assembly of Ihe apparalut Is shown In
Fi|. I.

4.1.1 Par out rialt Arpnratut. consisting of
ihe following:

4. 1. 1. 1 I'rctture Cimliilnrr. (luch at a prcnure
cooker), of approiimately I J-L ( lft-<n) capacity.

'Ikit let) nxikoj li vx-Wr Itx |«il>J>ll
mili.v I) lion Svll i»J N»V >ihl It |K< Jiml «i<<nii>il<lhr «f
5>.txiiin>nill« 1)1 1 (V) «• llrOL.Iotk rinfwnicl ul Vnl, >»J
II. .li

('yiiml «Jlll»« lpfw.i.>J lt|4. I). Ittl IVI(lp,.llr Ivlnnl
>llt JIM -44 T. l»lr'<>ln»lr.hlln«l) MM -4( I.

'. {„„„„! II.-4 ,/,l\'MI Vi.»I...J. V.jnilli
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4, Apparatus

•I.I lliilniiir. sensitive lo 0.1 (.

•1.2 Murltir anil H iihbfr-CurereJ Prillf, suita-
ble liir breaking up (lie aggregations of soil par-
tides.

-I..1 .V/nri. No. 10 (2.00-mm) and No. 40
( -I 2 5-p m). of square mesh wovcn-wire clolh. con-
ruritiittg Co S|tccificnfion C 1 1.

4.-I .ftffii/i/rr— A riffle sampler or lample iplil-
ter for quancring (lie samples.

•1.5 Drying /l/i/i/un/iM— Thermostatically
{•itiitrolieJ (Irving oven for use at MOT (60'C) or
Mow and nl 2 JOT (1 10'C). infrared lamps; air
ilner. or oilier suitable device for drying samples.

4.d l-'ilirr /'/i/mc/j nr Camllei— Dilchner fun-
iieh 10 in. (2 54 mm) in diameter »nd filter paper
nr filter candles.

J.7 .t/Mcr//<i/irnin I'l/iii/iim-nt — Pans I? in.
(.KM.K mm) in iliamclcr and 3 in. (76.? mm) in
depth: a suitable container that will prevent loss
iil'iiumiiirc during storage of the moist lest sam-
ple prepared in Procedure D.

I'HOCr.'nuHE A

5. Siimpllnj

J.I Dry the soil lample at received from the
lieM. mini one of (lie following methods: (/) In
uir nl room temperature, (7) in • drying oven at
;i Umpcralurc not exceeding 1 40T (60'C). or ( J)
tiMng any warming device thai will no) raise the

Icmpcrnliirc of llie sample above MO*F. Dreak
up thoroughly any aurecalions of panicles using
the mnnar and rub\>cr-covered pestle or other
Miit.-ihlc device (Note I). Seleci a representative
(Minion hy the method of quartering or by use of
ilic sampler. This ponlnn must be sufficient 10
provide samples for particlc-iiie analyses of ma-
loijl retained on and passing ihe No. 10 (2.00-
mm) \ievc. nnd lo proviile an adequate amount
of material passinc the No. 40 (425-iim) sieve for
the tests to ilclerminc soil constants. The
:iiiiDiinis of milcrinl required lo perform Ihe
individual tests arc as follows:

|i(«<»i'r wiii. i
) w.l,. ,

i nT Milrriil Mcl»ii»4
ni,tl|S.c«c.

4 mo i« room
, >in

02217

lull lot tVlt.mUitlon of Soil <.«nlliMV.
I iquid limit. | 100 |
Ilillic limit, | || ,'
Clnlriruir moillvrt rq>l»l(nl. | |0 . •'•
ShHAltjc fWlim, j . )o ••

• Clink Kill. | ' 1} '»
I

Notr I—When the Mmpleeoniaini pank
ilule or tandiione or ilmilir wtal muKrial. ptopnoa,
ntuti IK cicrcittd lo avoid c«ceiiive reduction U k
lire of ihc pcniclcL ..'.

6. Preparation of Test S nplei -«j

6.1 AV»r rurlirle-Site, 'inlysli: \
6.1.1 Weigh ihe ponion of Ihe lesl unji

selected for panicle-site analysis and rceo^j
Ihc weigh) of lest umple uncorrccted for njyt
icopic moisture. Separate this material Intor^
poitions using the No. 10 (2.00-mm) sievt fe
ujidc Ihc ponion passing for later rccombiniiia
wild additional material washed from Ihe pona
re'ained on the No. |0 (2.00-mm) sieve. j

6.1.2 Place Ihe material retained on the KJ
10 (2.00-mm) sieve In a pan. cover wiih wilq,
anil allow to soak until Ihe panicle aggregating
txrconie soft. Afier soaking, wash the inalcriila
a No. 10 (2.00-mm) sieve in the following mta
net: Place an empty No. 10 (2.00-mm) sieved
the bottom of • clean pan and pour Ihe »>ia
from the soaked sampl' into Ihe sieve. AddtU
ficient water lo bring Ihe level approximately)
in. (12.7 mm) above the mesh ofilie sieve. Tri»{
If i the sr>aked material to Ihe sieve in Jncrtmrai
not exceeding I Ib (0.45 kg), stirring each lnci»
mcnl with Ihe fingers while agitating the slertaj
and down. Crumble or mash uny tumps tKi
have not slaked, using llie thumb and finpn
Uai« lite sieve above the water in Ihe pan tti
complete: the washing operation using a imd
iiuotinl of clean water. Transfer the waihfdnu

tctial on Ihc sieve lo a 'lean pan Ittfore plant)
increment of soaked mnterial on Ik

Si«r jl)iii ..r Mllrit>l

n,»,|SK.,

.!,,,, ,...1.,

sieve.

A. 1.3 Dry the mnlerial reinincd on the No. M
(2.00-mm) sieve at a temperature of 230 i IT
(MOjt 5*C). sieve on the No. I0(2.0().mm)sic^
and *dd Ihe material passing ihe sieve (o simihr
material obtained in 6.1.1. Sel nside ihe matcrut
retained on ihe sieve for use in Ihe p.irticlt-iiti
analysis.

A.I.-! Scl aside the ('.in fntil.'iiiiiiig (lie *«ii
inr.t fur * (xrriixl of icvcrul htiiirs or until Ik
w.ner nlxivc the p.iniclcs It clciir. Ocotil. pipt̂
or iiplimi off ns iiuii-tf I lie clenr wulci *
|int\iliti; (Nnic .') ()/>• iru viil reiii:iiniii|> in IV

r- r- r

••anit a temperature not exceeding 140'F (60'C).

iGrifld 'he dried soil in the mortar with Ihe rob-
Jer-covered pesile or other suitable device, and
rombine with similar material obtained in 6.1.1.
( i.l.) Alternatively, afler all the soaked male-
pi) his been washed, remove most of the water

^Vr filtering the wash water on one or more llOch-
f'arr funnels filled with filler paper or by using
i'Uur candles. Remove the moist soil from Ihe
Filler paper or filler candles, combine with any
'irdiment remaining In the pan, and dry al a
I'jtmpcralure not exceeding MOT (60'C). Grind
fide dried soil in (he monar with t rubber-covered
i pestle or othrr suitable device and combine with
,'i'milir material obtained in 6.1.1.

Hot! 1—In lome Inilineei.the wath water will not
clear In a rotoiuMc lengih of lime; In Ihli cut

aV entire volume mull be evaporated.

I 1.7 For Detrrmlnallnn n/ Sltll Conilanll—
hoceed In accordance with 6.1. substituting a

!No. 40(425-|im) sieve for Ihe No. 10 (2.00-mm)

•lievc.
!t' Mmt J—In some areat It Is possible that ihe eatlons
Vuhl pietcnt In the lap water may enhtnjt with the
•wiwal eallonl In Ihe soil and alter ilfnlncanily ihc
.;>il«1 of Ihe soil tOMIanli ihould lap water be uted In
L aVuxlInf and waihing operations. Unless It is known

R\H tuch rations are not present In Ihe lap water,
Ciiffled of dcmineraliieit water ihould he UKd. The
Kilidl and waihlng operation will remove soluble salts
iMliified In the loll. When soluble tails are present In
tt toil. Ihe wa«h water ihnuld he uvril »nd tvap»raled.
in4 tKe tain relumed lo the toil sample.

J. Tesl Samples

'/. 7.1 Keeping each ponion separate from the
'.other ponion. mix thoroughly Ihe portions of the
[•'toil umple passing Ihe No. 10 (2.00-mm) sieve
tod Ihe No. 40 (425-jtm) sieve. Dy ihc method
of quartering or by the. use of the sampler, select
ind weigh out lest samples of tbe weights indi*
nlrd (n Section J. at may be needed (o make
•V required tests.

I'KOCt.DUHK n

I. Simples

1.1 .Samples prepared in accordance with this
procedure must IK shipped from Ihc field lo the
btoratnry in seated cnnlninert »nd must contain
ill thrir naliirpl moiitiire. Samples obviously
runlaiiilng only particles patting Ihc No. 10
(l.nn-niin) sieve may he tcstc/ the pjrlide-

D2217

slie analysis without first washing on the No. 10

(2.00 mm) sieve. Samples obviously containing
only particles passing (lie No. 40 (42)-|im) sieve
inay be met4 in Ihe tests lo determine soil con-
stants without first was) ing on the No. 40 (42J-
Jim) sieve.

9. Preparation of T«il Samples

9.1 Fur Parllrtf-Sijf Amtlysls:
9.1.1 Seleci and we.'gh a representative por-

tion of Ihe moisl umple estimated lo contain 50
g of panicles passing the No. 10 (2.00-mm) sieve
for silly and clayey soil, or 100 g for sandy soil.
For samplei containing panicles not passing the
No. 10 (2.00-mm) sieve for which a particle-site
analysis it required, select and weigh a represent-
ative lample estimated to contain the required
amounts of particles both patting and nol puulng
Ihe No. 10(2.00-mn.\iieve. Determine the mois-
ture content at 230 * 9T (110 ± 5'C) using an
nuiiliary sample, for use In Method D422.

9.1.2 Soak ihe moisl sample and wash on a
No. 10 (2.00-mm) sieve as deseril>ed In 6.1.2.
After washing, dry Ihe material retained on the
No. 10 (2.00-mm) sieve In an oven al a temper-
ature of 230 ± 9T(110 * VC), weigh, and reioin
for the paniclc-iiie analysis. If the volume of the
wush water and soil Is loo large for use in the
sedimentation procedure of the lesl for panicle-
site analysis, evaporate excess water by exposure
to air al room temperature, by heating In an oven
at a temperature not exceeding 230T(110'C). or
by boiling. Regardless of Ihe method of evapo-
ration used, Ihe following precautions must be
taken: (/) stir the slurry from time to lime lo
prevent a dry toll ring from forming on the wills
of Ihe evaporation vessel, and ()) return the
temperature of ihe sample lo room temperature
befDie testing.

9.2 I'tir t)ctrrinlnnilim tifXiiit ('imiiantt—Se-
lect a representative ponion of the moist sample
estimated lo contain sufficient particles pasting
the No. 40 (425-|im) sieve to make the required
tests for determination of soil constants. Soak
this selected portion of the moist sample and
wath on the No. 40 (425-pni) sieve as described
in 6.2 (Note 2). Reduce llie mniiliirc content of
the mnlerial pasting the No. 40 (47V|tm) sieve
until llie matt renchcs a putty.HVe contitlrncy
(Mich as )0 lo 3) drnpt of Ific cup in Ihe liquid
limit tell) dul never l-clnw Ilic ii;ii\u,il ntcmlurc
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ciiricy of (hit leil method hive not yd txti':
'

T»d ilK^nxf li »«»>« 10 »«•»/!(•« •( »•;• ""•* */ '*' '"f •••'*'' !«*•*•' nmmMn mm* ("•« »«
I w t»m»ir«<l «»» l.fllr^ «ll»r»/M r»»l»l«« •/'»'•

^tntii. >•»•» coiimii ~iHimtti€*rtf*ttmUn*ilf»mi» m
»•/ ///»«/r»»l»*l r««f »»-»««•» »«.» ••! ,,
« Sn»J"Ji. HI* *•« 5i. rM»Ji<fM». t*.

10. IVeelilon and Aeeuricy

10.1 Requirement! for the precision ind ie- developed

TV Atnlftt Sfrlnrftr TVittaf mitt MmtnMl l«»«f •• ftiM*» tiifHil*! it,, tmlUUf •/ *»f fmlt'l •'»»« • !«•»/•. .!
f».««!/,.« ..-» *KfHtm ftl-lltttJ It (Alt II./.V.'/ I/lffl •/!»<! H«»^W«»»V""'/•'•*"''*"''""t>'""'"1 V1*' ""7 !'

se.

Dotlgnillon: 02217-85

Standard Practice for

WET PREPARATION OF SOIL SAMPLES FOR PARTICLE-

SIZE ANALYSIS AND DETERMINATION OF SOIL
CONSTANTS1

'TUlii>4iidlllitiicd«*ilr( |K< flird ikii|i»lk>* O >}|T;ih< •vittlvf Immcdlililf Wto^nj iht <kil|«nta« Ul̂ iltl ll* ftu ul
vyul tJ^nlo* of . !• Ihc <1H of H'lilon. |H< jf •! »f In) re vlilux. A n«mUr U rurrnlK<ui Iftdinm ItM ;<•> of bu i«f<r> <•»•!.

'|»f<Tvrl(« cpilla« (f) liHlictici in edhoiUI tt»«|( UMC Itx tin tcriiion or nippool.
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APPENDIX B-4

PROCEDURE FOR THE ANALYSIS OF GAS SAMPLES FOR VOCS
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Supercedes: Revision 1.0

1. Scope and Application

1.1 Analytes (See Table 1)

1.2 Detection limit (See Table 1)

1.3 Applicable matrices - air

1.4 Dynamic range (See Table 1)

1.5 Approximate analytical time

4 mln. — cool down of cryo trap
2 tnin. - flush of inlet system on trap
10 min. - collection of 500 mL sample on trap
2 min. - flush of inlet system with internal std.
2 min. - collection of 100 ml. of internal std on trap
2 min. - flush of trap with HP Helium
32 min. - GC run time

When running multiple samples, steps can be overlapped
to reduce run time to 40 min,

Prepared by: Steve Harris Date:

Management Approval, Date:

QA Officer Approval: Date
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TABLE 1. VOC Target Compounds

.

Effective Date:
March 1, 1990

Detection Limits Dynamic

2)
3)
4)

5)
6)
7)
8)
9)
10)
11)

12)
14)
15)
16)
17)
18)
19)
20)
21)
22)
23)
24)
25)
26)
27)
28)
29)
30)
31)
32)
33)
34)
35)
36)
37)
38)
39)
40)
41)

Compound

Dichlorodif luoromethane {Freon 12
Chloromo thane
1, 2-Dlchloro-l, 1,2,2-
tetraf luoroethane (Freon 114)

Vinyl chloride
Bromome thane
Chloroethane
Trichlorof luoromethane (11)
cifl-l,2-Dichloroethene
Carbon disulfide
1,1,2-Trichloro- 1,2,2-

trif luoroethane {Freon 113)
Acetone
Methylene chloride
trana-1 , 2-Dichloroethene
Hexane
1, 1-Dichloroethane
Vinyl Acetate
1, 1-Dichloroethene
2-Butanone
Chloroform
1,1, 1-Trichloroethano
Carbon tetrachloride
Benzene
1 , 2-Dichloroethane
Trichloroethene
1 , 2-Dichloropropane
1,4-Dioxane
Bromodichloromethane
cie-1, 3-Dichloropropene
4-Methyl-2-pentanone
Toluene
trans-1 , 3-Dichloropropene
1, 1, 2-Trichloroethane
Tetrachloroethene
2-Hexanone
Dibromochlorome thane
1,2-Dibromoethane .
Chlorobenzene
Ethylbenzene
1,4-and l,3-(p,m) Xylene

R.T.

) 1.49
2.48

2.52
2.86
3.58
3.. 93
4". 54
5.63
5.63

5.87
6.10
6.89
7.36
7.90
0.22
0.71
9.43
9.68
10.27
10.27
10.53
11.00
11.19
12.44
12.87
13.34
13.68
14.61
15.14
15.16
16.00
16.34
16.28
17.10
17.06
17.08
18.28
18.73
19.04

MDL (ppbv)

0.87
1.2

1.0
1.2
1.5
2.5
0.55
0.84
6.2

0.96
6.6
1.9
1.9
4.0
1.2
1.3
1.1
1.4
1.1
0.45
0.55
1.6
0.53
1.2
3.9
3.5
0.90
1.5
1.6
1.5
1.6
1.4
1.4
3.0
1.4
1.0
1.3
1.3
2.6

Range (ppbv)

0.87-300
1.2-300

1.0-300
1.2-300
1.5-300 ^
2.5-300
0.55-300
0.84-300
6.2-1200

0.96-300
6.6-300
1.9-300
1.9-300
4.0-300
1.2-300
1.3-300
1.1-300
1.4-300
1.1-300
0.45-300 ̂
0.55-300 ̂
1.6-300
0.53-300
1.2-300
3.9-300
3.5-300
0.90-300
1.5-300
1.6-300
1.5-300
1.6-300
1.4-300
1.4-300
3.0-300
1.4-300
1.0-300
1.3-300
1.3-300
2.6-600
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i --- . -- . -
I TABLE 1. VOC Target Compounds

(Continued)

I Detection Limits Dynamic
| Compound IUT. MDL (ppbv) Range

42) l,2-(ortho) Xylene 19.94 1.1 1.1-300
43) Styrene 20.02 3.5 3.5-300

1 44) Bromoform 20.37 1.0 1.0-300
45) l,lf 2,2-Tetrachloroethane 21.99 1.9 1.9-300

| 46) Benzyl chloride 21.90 1.0 1.0-300
I 47) 4-Ethyltoluene 22.31 2.0 2.0-300

48) 1,3,5-Trimethylbenzene 22.48 1.3 1.3-300
j 49) 1,2,4-Trimethylbenzene 23.37 1.5 1.5-300
j 50) 1,3-Dichlorobenzene 23.04 1.7 1.7-300

51) 1,4-Dichlorobenzene 24.13 2.2 2.2-300
52) 1,2-Dichlorobenzene 24.97 2.4 2.4-300
53) 1,2,4-Trichlorobenzene 29.28 3.6 3.6-300
54) Hexachlorobutadiene 29.93 2.4 2.4-300
2. Summary of Method

2.1 A pressurized air sample is metered through a mass flow controller
onto a cryogenically cooled trap. After 500 mL of the sample has

,">'• .•, been trapped, a valve is switched and the trap is heated to purge the
] "-•' trap's contents onto the gae chromatography column. The target
; compounds are analyzed with a mass spectrometer operated in the scan

mode .

i 3. Comments

' 3.1 Interferences

( 3.1.1 Gas regulators are cleaned by the manufacturer using Freon
113, which is one of the target compounds. Before using ultra

1 high purity (UHP) Nitrogen (Nj), Hydrocarbon (HC) free air,
Internal Standard (I.S.), or a target compound standard mix,

I each regulator should be purged a minimum of three times with
the appropriate gas.

3.1.2 Contamination may occur in the sampling system if canisters
i are not properly cloaned prior to use. Canisters used to
I collect oource samples should not be used for the collection
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of ambient air samples until a blank analysis indicates that no target
compounds are present above the MDL. All other campling equipment including
pumps, flow controllers and filtero must be thoroughly cleaned to ensure that
the filling apparatus will not contaminate samples.

3.2 Helpful Hints

None

4. Safety Issues

4.1 In order to prevent contamination of the lab air by the samples, the
vent line must be connected -to the system outlet and the fume hood
must be on.

4.2 While making standards, tbo fume hood must be running. When finished
valves must be closed and lines vented.

4.3 All compressed gas cylinders must be securely fastened to a bench or
wall.

4.4 Normal precautions should be used in the handling of liquid nitrogen
(LNj) (do not touch transfer lines as burns can result).

4.5 Sampling canisters should never be pressurized over 40 psig.

5. Sample Collection, Preservation, Containers and Holding Times

5.1 Samples should be collected in precleaned and batch analyzed SUMMA
passivated canisters. A 7 rt.icron filter should be placed on the
inlet of the can to protect the valve from particulates. Canisters
should never be pressurized over 40 psig.

5.2 The absolute pressure of the canister must be recorded before and
after sample collection.

5.3 Samples must be kept at <25°C.

5.4 Samples should be analyzed within 14 days of collection.

6. Apparatus and Materials

6.1 Gas chromatograph - capable of subambient temperature programming for
the oven and with the jet separator option (Hewlett Packard 5890).

6.2 Mass-selective detector - equipped with computer and appropriate
software (Hewlett Packard !I970B with HP-1000 RTE-A data system).
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|

6.3 Cryogenic trap with temperature control assembly (Nutech 8533).
• See Figure 1.

i 6.4 Electronic mass flow controller - for maintaining constant sample
flow (Unit Instruments)

I 6.5 Chromatographic grade etainleau steel tubing and stainless steel
1 plumbing fittings.

t - 6.6 Chromatographic column - DH-624 0.53 ID, 30 meter length (J£W
• Scientific).

6.7 Stainless steel vacuum/presp'ire gauge capable of measuring from 30"
of mercury (Hg) to 40 paig. (Span Instruments)

j 6.8 High precision vacuum gauge - for making daily standards. (Wallace &
Tiernan Pennwalt)

I 6.9 Pressure regulators for carrier gas and standards - 2 stage,
| stainless steel diagram.

6.10 SUMMA paesivated canisters 6 L (Scientific Instrumentation
' Specialists)

6.11 7 micron filters (Nupro), or equivalent.
•T*"*-

\ •'. ; 7. Reagents and Standards

7.1 4-bromofluorobenzene, 50 ng/mT, in methanol (for tuning of mass
spectrometer).

! 7.2 High purity helium for carrier gas.

7.3 Standards at a nominal concentration of 1 ppmv (CSa is not as stable
' and so the concentration is 5 ppmv). Standards are prepared in a
| balance gas of nitrogen and are analytically certified by the

supplier (Scott-Marrin and Scott Specialty). To facilitate
certification by vendor, the standards were divided into 5 cylinders.

1 (See Tables 2-7.)

7.4 Internal standard mix of bromochloromethane, 1,4-difluorobenzene,
i and chlorobenzene-d5 at 1000 ug/ml each in methanol (Supelco).
] (See Table 6.)
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TABLE 4. Standard Cylinder No. CC72063

Component Concentration (v/v)

Vinyl Chloride 1.00+0.05 ppm
1,1-Dichloroethene 1.08 +_ 0.05 ppm
1,1-Dichloroethane 1.06 + 0.05 ppm
2-Butanone 1.02 + 0.05 ppm
cia-l,2-Dichloroethene 1.07 + 0.05 ppm
Benzene 1.07 +_ 0.05 ppm
4-Methyl-2-pentanone 1.09 + 0.05 ppm
1,1,2-Trichloroethane 1.06 + 0.05 ppm
Toluene 1.08 +_ 0.05 ppm
2-Hexanone 1.18 + O.O5 ppm
Chlorobenzene 1.08 HH 0.05 ppm
m-Xylene 1.11 T 0.05 ppm
o-Xylene 1.12 +_ 0.05 ppm
1,2-Dichlorobenzene 1.25 + 0.05 ppm
Acetone 0.99 + 0.05 ppm
1,4-Dichlorobenzene 1.04 + O.05 ppm
Nitrogen Balance

TABLE 5. Standard Cylinder No. CC12390

Component Concentration (v/v)

Freon-12 1.015 + 0.05 ppm
Freon-114 0.95 + 0.05 ppm
Freon-11 0.94 +_ 0.05 ppm
Freon-113 0.99 jf C.05 ppm
n-Hexane 1.02 +_ 0.05 ppm
1,2-Dibromoethane 0.99 +_ 0.05 ppm
4-Ethyltoluene 0.89 + 0.05 ppm
1,3,5-Trimethylbenzene 0.95 T 0.05 ppm
l^^-Trimethylbenzene 0.92 HH 0.05 ppm
Nitrogen Balance

TABLE 6. Internal Standard Liquid Mix

Component Concentration (ug/ml)

Bromochloromethane 1000
1,4-Difluorobenzene 1000
Chlorobenzene-d5 1000
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FIGURE 1. Nutech 35:3 Flow Diagram
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TABLE 2. Cylinder No. CC72069

Component

Chloromethane
Bromomethane
Chloroethane
Dichloromethane
trana-1,2-Dichloroethylene
Trichloroethane
1,2-Dichloroethane
1,1,1-Trichloroethane
Tetrnoh.l ornmethano
1,2-Dichloropropane
cifl-1,3-Dichloropropsr.e
tranB-l,3-dichloropi.-oi..f:ne
Dibromochloromethane
Tetrachloroethylene
Ethylbenzene
p-Xylene
Styrene
1,1,2,2-Tetrachloroethane
Bromodichloromethane
Trichloroethene
Acetonitrile
Nitrogen

Concentration (v/v)

0.98
1.00
0.96

1.
1,
1.
1.
1.
1.
1.
1.

08
08
07
10

0.99
.01
.08
.03
.20
.13
,14
.20
.20

1.25
1.24
1.08
0.82
1.00 _
Balance

0.05
0.05
0.05
0.05
0.05
0.05
0.05
O.O5
0.05
0.05
0.05
0.06
0.05
0.05
0.06
0.06
0.06
0.06
0.05
0.05
0.05

ppm
ppm
ppm
ppm
ppm
ppm
ppm
ppm
ppm
ppm
ppm
ppm
ppm
ppm
ppm
ppm
ppm
ppm
ppm
ppm
ppm

3. Standard Cylinder No. CC72058

Component Concentration (v/v)

Carbon Diaulfide
Nitrogen

4.86 ^ 0.1 ppm
Balance
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I

I
TABLE 7. Standard Cylinder No. ALM 002636

1 Component Concentration (v/v)

. •'-^ Benzyl chloride 0.737 ppm
! 1,3-Dichlorobenzene 0.768 ppm
i 1,4-Dioxane 0.895 ppm

Hexachloro-1,3-butadiene 0.804 ppm
- Bromoform 0.84 ppra

i 1,2,4-Trichlorobenzene 0.898 ppm
i Vinyl acetate 0.838 ppra

Nitrogen

!
t 8. Procedure

8.1 Sample Preparation

I 8.1.1 The pressure of the sample canister is checked and recorded by
attaching a vacuum/pressure gauge to the top valve of the
canister (the gauge should be rinsed for few seconds with HC
free air by physically holding against the air outlet and
flushing). The canister valve is opened briefly and the
pressure is recorded. If the pressure is less than 10 psig,

:*̂.. pressurize the canister to 10 pslg with HC free air.

8.1.2 If the canister pressure is increased, a dilution factor (DF)
is calculated and recorded.

DF =

X.

Where: X. = absolute canister pressure absolute before dilution

Y. = absolute caniater pressure absolute after dilution

8.2 Daily GC/MS Tuning

8.2.1 At the beginning of each day or prior to a calibration, the
GC/MS system must be tuned to verify that acceptable
performance criteria are achieved. If any of the key ions
fail the abundance criteria listed in Table 8, the system must
be retuned using 4-Bromofluorobenzene (BFB).
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8.2.2 For daily tuning, thti relays on the Nutech controller

!

(eee Figure 1) should be in the right hand position, with
the cryo trap at 150°C (alternatively valves 2 and 6 could
be placed in the left, hand position with the auxiliary He
flow set at 10 ml/min or greater). The GC program is
initiated by using the Datac command in file manager (FMGR).
The GC program is named "GCBFB1." This downloads the
program from the data system to the GC. Once the oven has
stabilized, the remote start light will turn on and the

I system is ready for i.njection.
j
1 1 uL of a 50 ng/uL 4-bromofluorobenzene (BFB) standard is

injected into injection port 2 of the Nutech 8533 and the
j remote start button is activated.
i
•' TABLE 8. 4-Bromof luorobenzene Key lona and Ion Abundance Criteria

Mass Xon Abundance Criteria

50 15 to 40% of mass 95
75 30 to 60% of mass 95

. 95 Base Peak, 100% Relative Abundance
96 5 to 9% of mass 95

I 173 <2% of. mass 174
174 >50% of mass 96
175 5 to 9% of mass 174

' 176 >95% but <101% of mass 174
1 177 5 to 9% of mass 176

8.2.3 Once the tuning run is complete (~ 8 minutes), review a scan
close to the center of the BFB peak. If it looks close to
passing, type in the command TRF, TUNVOA, data file. This
will start a program that will find a scan that will pass the

' tuning and print out the required information automatically.
1 If the BFB tuning criteria cannot be met on 2-3 injections,

retuning the instrument with PFTBA may be required.
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TABLE 9. BFD Tuning Method

Enter the name of the method file: CCBFB1

M E T H O D F I L E L I S T

Method file: GCBFB1 GC type: 5890
Column: Cap

Tempera tare:

GC/DIP

Inj.P Intfc
90.0 250.0

LEVEL A

Oven equilibration Time

Run time: 6.00
Scan Start time: 2.50
Splitless valve time: .80

.10 min

ON

LEVEL B

OFF

Run type: SCAN, GC, El
Splitleaa: Yea

Source
0.0

POST RUN

Temp 1
Time 1
Rate
Temp 2
Time 2

30.0
1.0

35.0
100.0
15.0

100. D
15.0
0.0
0.0
0.0

0.0
0.0
0.0
0.0
0.0

0.0
0.0

ON OFF

Relay 11:
Relay 12:
Triac 10:
Triac 11:

327.0
327.0
327.0
327.0

327.0
327.0
327.0
327.0

327.0
327.0
327.0
327.0

327.0
327.0
327.0
327.0

Scan Parameters: Mass Range 35 to 260
Multiplier voltage: 2244 Number of A/D samples:
GC Peak threshold: 20000 counts
Threshold: 100 counts
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TABLE 10. Analytical Method

Enter the name of the method file: GC.TO14

M E T H O D F I L E L I S T

Method file: GCT014

Temperature:

GC/DIP

Temp 1
Time 1
Rate
Temp 2
Time 2

-50.0
2.0
70.0

-20.0
0.0

CC type: 5890
Column: Cap

Inj.P Intfc
90.0 ::50.0

LEVEL A LEVEL B

-20.0 127.0
0.0 20.0
5.0 0.0

127.0 0.0
20.0 0.0

Oven equilibration Time .10 min

Run time: 32.10
Scan Start time: .10
Splitlese valve time:

Relay lit
Relay 12:
Triac 10:
Triac II:

0.00

ON

327.0
327.0
327.0
327.0

OFF

327.0
327.0
327.0
327.0

Scan Parameters:

Run type: SCAN, GC, El
Splitlesst Yea

Source
0.0

POST RUN

0.0
0.0

ON

327.0
327.0
327.0
327.0

OFF

327.0
327.
327.u
327.0

Mass Range 35 to 260
Multiplier voltage: 2244 Number of A/D samples:
GC Peak threshold: 20000 counts
Threshold: 10 counts

8.3 Calibration

8.3.1 A static dilution of the stock standard gas mixtures is made
in a 6 liter canister. The high precision vacuum gauge is
flushed with HC free air and attached to the top valve of a
clean, evacuated canister. After recording the absolute
pressure, 2 psi of each of the 5 standard mixtures is added to
the canister (each regulator and the transfer line must be
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flushed several times before transfer of standard to the
canister). Close the canister valves and replace the high
precision gauge with a vacuum/pressure gauge. Pressurize the
can with HC free air to 30 paig. This will yield a standard
with a nominal concentration of 44 ppbv for most compounds

.̂ . (see Table 11).
i

8.3.2 An initial 5 point curve is run in the linear working
' range of the system. The nominal concentration of the

_ 5 standards will be 18 ppbv, 67 ppbv, 90 ppbv, 224 ppbv
I and 287 ppbv.
i

8.3.3 On a daily basis, a one point midrange standard (500 ml of
( 44 ppbv) is run to verify the g point curve. 90% of the f̂ .̂ l
| target compounds must, be within 30% of the 5 point curve, ^
| or a new c point must, be run. The daily, one point check

standard is used to calculate the concentration of the
samples.

8.3.4 After the calibration runs and the QA/QC sample runs, an HC
free air blank ia run. This must be < the MDL for each target
compound.

8.4 Analysis

8.4.1 The daily check standard and the QA/QC samples are analyzed
the same as samples. The HC free air blank is a system blank
and differs only in that it is not transferred to a canister,
but run directly fro- 'e cylinder re~ ""tor to the sample
inlet aystem.

8.4.2 The sample canister is connected to the sample inlet system.
The Nutech controller should have valves 2 and 6 in the left
hand position, while valves 1 and 3-5 should be in the right
hand position. The auxiliary He flow should be set at 40 ml/
minute. The canister valve is opened and the pressurized
sample is allowed to flow through the mass flow controller
(set at 50 ml/min) and out the vent line.

8.4.3 The cryogenic trap ie cooled to its lower set point of -170°C.
When the cryo trap reaches -170°C, the Nutech valve 12 is
switched to the right hand position and a timer is started.
After 10 minutes (500 mL) valve 12 is switched back to the
left hand position. Thus 500 ml of blank, standard or sample
is concentrated on the cryo trap.



STANDARD
OPERATING
PROCEDURE

Page 14 of 22_
The Determination of Volatile Organica (VOCs)

in Ambient Air by CC/MS - Scan Mode

S O P N O : R e v i s i o n No.: 2.0Effective Date:
CKL-LM-7001 March 1, 1990

0.4.4 The valve on the sample canister ia cloaed and the remaining line
pressure is allowed to drop to ambient. The 3-way valve is then
switched to the internal standard canister and the I.S. canister
valve is opened and allowed to flush for at least 2 minutes. (The
Internal standard is made by injecting 20 ul of the liquid mix in
an evacuated canister and pressurizing to 30 psi(44.6 psia). Valv
is then switched to the right hand position and a timer is starte
After 2 minutes, Valve 2 is ewitched back to the left hand pop'ti
Thus 100 ml of 200 ppbv nominal internal standard mix is inj
the cryotrap with each blank, standard or sample.

8.4.5 The GC is cooled to itu* initial set point of -50°C by using
Datac in file manager. The name of the GC program is
"GCTO14." This takes about 2.5 minutes. During this time
valves 2 and 6 remain in the left hand position, allowing He
to sweep the trap and remove most oxygen, nitrogen and other
permanent gases.

8.4.6 When the GC has reached equilibrium the red remote start light
will turn on. Switch valve 16 to the right hand position.
Wait at least 10 seconds to allow flow through the trap to
equilibrate. The blue "cool" button on the Nutech controller
and remote start button should be pressed simultaneously.
This will heat the cryo trap to 150°C and start the GC
program.

9. Data Interpretation

9.1 ' Qualitative Analyses -

9.1.1 An analyte (e.g., those listed in Table 1) is identified
by comparison of the sample mass spectrum with the mass
spectrum of a standard of the suspected compound (standard
reference spectrum). Mass spectra for standard reference
should be obtained on the user's GC/MS within the same
12 hours as the sample analysis. These standard reference
spectra may be obtained through analysis of the calibration
standards. Two criteria must be satisfied to verify
identification. (1) elution of sample component at the
same GC relative retention time (RRT) as those of the
standard component; and (2) correspondence of the sample
component and the standard component mass spectrum.
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I ;

9.1.1.1 The sample component RRT must compare within
i + 0.06 RRT units of the RRT of the standard
' component. For reference, the standard must be
i run within the same 12 hours as the sample. If

.-—>, coelution of interfering components prohibits
I ••••• " accurate assignment of the sample component RRT
• V from the total ion chromatogram, the RRT should
i be assigned by using extracted ion current

profiles for ions unique to the component of
, ~ interest.

i 9.1.1.2 (1) All ions present in the standard mass
spectra at a relative intensity greater than
10% (most abundant ion in the spectrum equals

i 100%) mu£it be present in the sample spectrum.
i (2) The relative intensities of ions

specified in (1) must agree within plus or
minus 20% between the standard and sample
spectra. (Example: For an ion with an
abundance of 50% in the standard spectra,
the correspondin sample abundance must be
must be between 30 and 70 percent.

i 9.1.2 For samples containing components not associated with
^ the calibration standards, a library search may be
;~'::'Vi made for the purpose of tentative identification. The

' 'V necessity to perform this type of identification will
i be determined by the type of analyses being conducted.

Guidelines for making tentative identification are.

(1) Relative intensities of major ions in the reference
spectrum (ions >10% of the most abundant ion) should be
present in the sample spectrum.

' (2) The relative intensities of the major ions should
agree within + 20%. (Example: For an ion with an

1 abundance of 50% in the standard spectrum, the
corresponding sample ion abundance must be between 30

i and 70%).

i (3) Molecular ions present in the reference spectrum
should be present in the sample spectrum.
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(4) Ions present in the sample spectrum but not in
I the reference spectrum should be reviewed for possible
1 background contamination or presence of coeluting
' compounds.

| (5) Ions present in the reference spectrum but not in
| the sample spectrum should be reviewed for possible
' subtraction from the sample spectrum because of back-

ground contamination or coeluting peaks. Data system
i library reduction programs can sometimes create these
! discrepancies.

Computer generated library search routines should not
i use normalization routines that would misrepresent the
i library or unknown S£>ectra when compared to each other.
I Only after visual comparison of sample with the nearest

library searches will the mass spectral interpretation
i specialist assign a tentative identification.

! 9.2 Quantitative Analysis:

. When a compound has been identified, the quantification of
i that compound will be based on the integrated abundance from
! the EICP of the primary charateristic ion. Quantification

sj... will take place using the internal standard technique.
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10. QA/QC Requirements

10.1 The mass spectrometer must meet the tuning criteria described in
Section 8.2.

10.2 After tuning, a single point check standard must be analyzed. Ninety
percent of the target compound concentrations must be within HK 30% of
the HILUU point calibration curve. If the check standard fails to
meet thia criterion, a new trhTHB" point calibration curve must be run.

10.3 A laboratory control sample (LCS) must be analyzed after the check
standard. This sample will consist of the target VOCB prepared in a
separate canister at a concentration that differs from that of the
check standard. Five compounds will be used to assess control for
the LCS: methylene chloride, 1, 1-dichioroethene, trichloroethene,
toluene and 1, 1,2,2-tetrachloroethane. The percent recovery for the
five control compounds must be within a window of 80-115%.

10.4 For each lot of 20 samples analyzed, a duplicate control sample (DCS)
must be analyzed after the LCS. The DCS sample ia identical to the
LCS in composition and souirce. The 80-115% recovery criterion must
be met. In addition, the relative percent difference (RPD) for the
LCS and DCS must be < 20%.

10.5 A system blank of HC free air must be analyzed after the LCS or DCS.
The blank results must indicate that there are no target compounds
present above the MDL.

10.6 if any of the above criteria are not met, corrective actions must be
implemented before analyse" can proceed.

11. Calculations

11.1 The HP data system automatically quantitates the sample results based
on a 500 mL sample size. The results are in ppbv. If the canister
was pressurized before analysis, the results must be multiplied by
the dilution factor DF (see Section 8.1.2).

11.2 If a sample size other than 500 mL was used, the result must be
adjusted as shown below:

result ppbv x BamPle v°lume injected
500 mL
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12. Reporting

12.1 Reporting unite are ppbv. If results are to be reported in ng/L
use the following equation:

result ppbv x Molecular weight of compound _ ng/L

24.5

Note: 24.5 is the standard volume of ideal gas at 25 degrees
Centigrade and 1 atm. •>•

12.2 Reporting limits
See Table 12

12.3 Significant figures

12.3.1 All results should bo reported to two significant figures.

12.3.2 Only report results below detection limit as ND(DL).

12.4 No conversion of the analytical results to the standard
conditions is made.

13. References

13 . 1 Method Source

"EPA Compendium Method TO-14. The Determination of Volatile Organic
Compounds (VOCs) in Ambient Air using SUMMA Passivated Canister
Sampling and Gas Chromatographic Analysis.*

13.2 Deviations from Method

13.2.1 Dry HC free air is used for the daily blank and for
dilution purposes.

13.2.2 TO-14 recommends the use of a .32 mm column coupled directly
to the MSD. With the HP system, the MSD can only handle flow
of 1 mL/min or less. The .32 mm column provides ~ 3 mL/min.
Enseco uses a . 53 mm column through a jet separator.

13.2.3 TO-14 describes an inlet system that uses a vacuum to pull a
slip stream sample through the trap. Enseco uses the pressure
of the sample canister to drive the sample through the trap.



STANDARD
OPERATING
PROCEDURE

I Page 19 of 22_
The Determination of Volatile Organica (VOCa)

t in Ambient Air by GC/MS - Scan Mode

I SOP NO: Revision No.: 2.0 Effective Date:
CRL-LM-7001 Mard'h 1, 1990

I TABLE 11. Concentration of Daily Check Standard

Concentration
Compound (ppbv)

2) Dichlorodifluoromethane (Freon 12) 45.42
>~*l 3) Chloromethane 43.84

I 4) 1,2-Dichloro-l,1,2,2-
| tetrafluoroethane (Freon 114) 42.50

5) Vinyl chloride 44.74
-_ 6) Bromoethane 44.74

{ 7) Chloroethane 42.96
i 6) Trichlorofluoromethane (11) 42.06

9) cio-l,2-Dichloroethene 47.88
10) Carbon diuulfide 217.44

j 11) 1,1,2-Trichloro- 1,2,2-
trifluoroethane (Freon 113) 44.30

12) Acetone 44.30
14) Methylene chloride 48.32

1 15) tranB-l,2-Dichloroethene 48.32
16) Hexane 45.64
17) 1,1-Dichloroethane 47.42
18) Vinyl Acetate 37.50

J 19) 1,1-Dichloroethene 48.32
I 20) 2-Butanone 45.64
1 21) Chloroform 47.82

22) 1,1,1-Trichloroethane 44.30
23) Carbon tetrachloride 45.20
24) Benzene 47.82
25) 1,2-Dichloroethane 49.22
26) Trichloroethene 36.68
27) 1,2-Dichloropropane 48.32
28) 1,4-Dioxane 40.04
29) Bromodichloromethane 48.32
30) cia-l,3-Dichloropropene 46.08
31) 4-Methyl-2-pentanone 48.76
32) Toluene 48.32
33) trana-1,3-Dichloropropene 53.70
34) 1,1,2-Trichloroethane 53.70
35) Tetrachloroethene 51.00
36) 2-Hexanone 52.80
37) Dibromochloromethane 50.56
38) 1,2-Dibromoethane 44.30
39) Chlorobenzene 48.32
40) Ethylbenzene 53.70
41) 1,4-and l,3-(p,m) Xylene 103.36
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TABLE 11. Concentration of Daily Check Standard

I Concentration
Compou nd (ppbv)

. 42) l,2-(ortho) Xylene 50.12
! 43) Styrene 55.92
; 44) Bromoform 37.58
; 45) 1,1,2,2-Tetrachloroethane . 55.48

46) Benzyl chloride 32.98
i 47) 4-Ethyltoluene 39.82
[ 48) 1,3,5-Trimethylbenzene 42.50

49) 1,2,4-Trimethylbenzene 41.16
50) 1,3-Dichlorobenzene 34.36

| 51) 1,4-Dichlorobenzene 46.54
I 52) 1,2-Dichlorobenzene 55.92

53) 1,2,4-Trichlorobenzene 40.18
54) Hexachlorobutadiene 35.98
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I Table 12. VOC Reporting Limita

i Reporting Limits
Compound (ppbv)

; 2) Dichlorodlfluoromethane (Freoii 12) 2.O
j 3) Chloromethane 2.5

4) 1,2-Dichloro-l,1,2,2-
~~ tetrafluoroethano (Freon 114) 2.0

5) Vinyl chloride 2.5
j 6) Bromoethano 3.0

7) Chloroethane 5.O
0) Trichlorofluoromethane (11) 1.0
9) cia-l,2-Dichloroethene 2.0
10) Carbon diaulfide 10
11) 1,1,2-Trichloro- 1,2,2-

trlfluoroethano (Freon 113) 2.0
12) Acetone 10

j 14) Methylene chloride 4.0
15) trana-l,2-Dichloroethene 4.0
16) llexane 0.0
17) 1,1-Dichloroethane 2.5
10) Vinyl Acetate 2.5

• 19) 1,1-Dichloroethene 2.0
20) 2-Dutanone 3.0
21) Chloroform 2.O
22) 1,1,1-Trichloroethane 2.0
23) Carbon tetrachloride *> . 0
24) Benzene 3.O
25) 1,2-Dichloroethane 2.O
26) Trichloroethene 2.5
27) 1,2-Dichloropropane 0.0
20) 1,4-Dloxane 7.0
29) Bromodichloromethane 2.0
30) cia-l,3-Dichloropropene 3.0
31) 4-Methyl-2-pentanone 3 ..6
32) Toluene 3.0
33) trana-1,3-Dichloropropene 3.0
34) 1,1,2-Trichloroethane 3.0
35) Tetrachloroethene 3.0
36) 2-Ilexanona . 5.O
37) Dibromochloromethane 3.0
38) 1,2-Dibromoethane 2.0
39) Chlorobenzeno . 2.5
40) Ethylbenzene 2.5
41) 1,4-and l,3-(p,m) Xylene 5.0
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I Table 12. VOC Reporting Limits
i*

Reporting Llmita
Compound (ppbv)

; 42) l,2-(ortho) Xylene 2.0
43) Styrene 7.0
44) Oromoform 2.0

! 45) 1,1,2,2-Tetrachloroethane 4.0
> 46) Oenzyl chloride 2.0

47) 4-Ethyltoluene 4.0
40) 1,3,5-Trlmethylbenzene 2.5

j 49) 1,2,4-Trimathylbenzene 3.0
j 50) 1,3-Dichlorobonzeno 3.0

51) 1,4-Dichlorobenzene 4.0
52) 1,2-Dichlorobenzene 5.0

I 53) 1,2,4-Trichlorobenzene 7.0
j 54) llexachlorobutadiene 5.0
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Enseco - Air Toxics Laboratory
9537 Telstar Avenue, Suite 118 • El Mome, CA 91731

(818) 442-8400 • FAX: (818) 442-3758

Preventive Maintenance on Hewlett Packard 5890
Gas Chromatograph with HP 597OB mass selective
detector and Nutech 8533 cryogenic trap concentrator.

This system is used in Enseco SOP No. CRL-LM-7001
for the analysis of VOC's in air (EPA Method TO-14).

Preventive Maintenance Schedule

Inspect/change injector septa every week
Check column head pressure at 30°c every week
Clean source on MSD every 3 months

HP preventive maintenance - HP service every 6 months
technician changes oil in rough pumps
and checks turbo pump. Runs checks

.̂  on MSD (eg. autotune)
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Gas Chromatograph with HP 597OB mass selective
detector and Nutech 8533 cryogenic trap concentrator.
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and checks turbo pump. Runs checks
on MSD (eg. autotune)
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I Cleaning Procedure For SUMMft Passivated Canisters

I I. Method ' . ' . . • • . • • _ . ; •
i . • • ' * ' ' ' . ' • .
i . A. -Source . •. •• ' _. ' • ' •

! • "EPA Compendium TO—14. The Determination of VolatileOrganic
! Compounds (VOCs) in Ambient Air Using SUMMA Passivated'
I . Canister Sampling and Gas Ehromatographic Analysis".

B. Description

[' A Group of8 canisters is evacuated to <5 x 1O'3 torr. With
! ~ the canisters under 'a continuous vacuum, they are heated to
I • 150 degrees Centigrade for three hours. The canisters are
I -. . then rinsed with humidified .hydrocarbon free air and

•' : evacuated three times- Finally? the canister* are heated
! . under vacuum for an additional two hours.

I . C. Deviations from Source Method . . .

; . TO-14 recommends either humid air rinses, or heating under
I vacuum for canistercleaning. The Ensecoprocedure uses both

• . humid air rinses and heating undervacuum to ensure thorough
i ' . cleaning. ' [ ' . . ' , . • . . ; .

,1 &'??. The. method recommends testing the canisters for leaks by
'"'••''• ' pressurizing to 30 psig andchecking for a pressure decrease

'i 24 hours later. The Enseco procedure specifies that the
[ ' canistei-s must maintain avacuurn u." 3O in. of Hg 'in order to

pass a leak check. . . .

I II. Equipment ' .- • ''• • . .

Oven with manifold pumping system and liquid nitrogen cold
| . trap- (S. I .S.} . - . .

< III. OA/QC Requirements .' ' . ' ' . .

I A permanent logbook is maintained which documents canister
i . serial number, cleaning date, previous contamination,
i . absolute pressure after c.lean'ing and date . checked, date
I .. absolute pressure rechecked, and date screened.

One canister from each batch of 8 is analyzed to check the
• effectiveness of thecleaning procedure. Tobe accepted, the
I results must indicate no target compounds above O.2 ppbv.

Before use. the absolute pressure of each canister is
I checked. The pressure must be ±.2 psi of the reading that
' was taken immediately after cleaning. . . -
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• Scope and Application: This method is applicable to surface water,
wastewater and groundwater.

Method: Potentiometric

1 Reference: EPA 1983, p. 150.1

{ Sensitivity: 0.01 pH unit
1

Optimum Range: pH 1.00 to 12.00
1
j Sample Handling: Determine on-site, if possible

• Reagents and Apparatus:

^ 1. pH meter

1 2. Combination pH electrode.
*—

I 3. Magnetic stirrer and stir bars

4. Beakers or plastic cups.

j 5. pH buffer solutions, pH 4.00, 7.00, and 10.00. (Certified buffer solutions)

, 6. Deionized water in squirt bottle.

Calibration:

j 1. Place combination electrode in pH 7.00 buffer solution.

2. After allowing several minutes for meter to stabilize, turn
1 calibration dial until reading of 7.00 is obtained.

3. Rinse electrode w ien deionized water and place in pH 4.00 or . —
, pH 10.00 buffer solution. Use pH 7.00 and 4.00 for samples with
j pH *8, and buffers 7.00 and 10.00 for samples with pH ^8.

4. Wait several minutes and then turn slope adjustment dial until
reading of 4.00 or 10.00 is obtained.

5. Rinse electrode with deionized water and place in pH 7.00 buffer.
If meter reading is not 7.00, fol low Steps 2-5 again.

{
Procedure:

j 1. Calibrate meter using calibration procedure.

• 2. Pour the sample into clean beaker or plastic cup.

pH-1



i 3. Place stir bar in beaker and put on magnetic stirrer (low speed)
for lab measurement of pH. Swirl cup gently for field measurement
of pH.

4. Check temperature of sample. It should be _+ 2°C of the buffer
* solutions. ~~

] 5. Rinse electrode with deionized water.
i

6. Immerse electrode in sample. The white KC1 junction on side or
i bottom of electrode must be fully immersed in solution. Allow
] sufficient time for reading to stabilize. Record pH. Rinse

electrode with deionized water.

i 7. Recheck calibration with pH 7.00 buffer solution after every
* 20 samples and at the end of the analytical run.

1 . Quality Control:

1. Duplicate 1 out of 10 samples. If less than 10 samples are analyzed,

1 a duplicate is still required. Duplicates should be +_ 0.2 pH units.
Average the results.

!

2. All glassware is to be soap and water washed, tap rinsed and
deionized water rinsed prior to analyses.

Notes:

1. The pH test is temperature dependent. Therefore, temperatures of
buffers and samples should be within 2°C of each other. For
refrigerated or cool samples, use refrigerated buffers to calibrate
meter.

; 2. Interferences in pH measurements occur with presence of weak organic
and inorganic salts, and oil and grease. If oil and grease are
visible, note on data sheet. C"!:̂ n electrode with soap and water,
followed by 102 HC1 and deionized water. Then recalibrate meter

j before analysis of next sample.

3. Electrode should be stored in pH 4.00 buffer.

1 4. Before leaving laboratory for field work:

1
a. Check batteries. "
b. Do quick calibration at pH 7.00 and 4.00 to check

electrode response and batteries.
c. Obtain fresh pH buffer solutions.

I

I
. PH-2



5. Following field measurements:

a. Report any problems with meter or electrode.
b. Clean meter and meter case.
c. Make sure electrode is stored in p'H 4.00 buffer.

Michael J. Linskens
Laboratory Manager

[ALM-1-26]
pH-3
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pH MEASUREMENT: DETAILED INSTRUCTIONS

' ' '

' :

I:"-.'i• :-" '•-•, >• :

: V^v^K l&v^ î •:•
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METHODS: Th« pHl 1ft 11. and 12canrraajuf» p« IrwnOio M9i Th»y »J p»rtoni» en»-or two-
pout undvduiiion luumuiû . i3if any bun*r lit»d t»«—. • any unp*ia!un
txt»««n -5'C and ICO'C

STANDARD pH BUFFEAS BtCOCNIZiO BY TH[ fHl •&. 11, AND 1]:

1M. 4 CO. 1M. 1O01. 12 «1

TWO-POINT STANDARDIZATION METHOD:

T-o-poini lundi'flaation. ffx pnitn*: and mcri auunit mrnod 4 pH miuumntni.
inould S< U1KJ »h«n pH accuracy tf &*rond 1 0-1 ?M d r^uî tf. Un bunirj u clou
to UM umpli pH u pc«tl« on« a»*. and on* btio*. (fw •ilrr̂ U. if umpfe pH ia
about LS. u» 7M and itwi pH tx.-r.ri>.

ONE-POINT STAMOAAOIIATKJN METHOD:

Or*port fundanjiuiion, a tom»*rjt iuui precaduri. » nK;nun*nd><! only if (a),
accuracy of 1CL1 pH uM • atttpuĵ . and (b). umol* pH • Minx 1J pM of tnai of Via
biiltor wd tor «andai«axan.

pH MEASUREMENT f ROCEDURt

1 Conn«e *l*cirDd«(i) B approprS** inputfî
a. 11 comMulion afKOvOi • UM«. canmel I to tnt input marud ~pH~.
b. I an *<>c?v0* p«ir ia UMd. eonncet ff» indicaiing il*CJOtfa to lh« input marked

•pH" and Uit relxanci »4ML-od« to ffit inpul ma/ttd •REf.
c Fof b«na» accuocy. or •rxn mauuring andlor nandaniizing ai a Umpaniurt tf

etnai IMn 25'C eonn*e i Btckman 591115 Aulomnc Tanipciiurt
Contotniator p<«e< u inpu mark*d ~ATC".

JL Pi»ia [Q] to turn on 'rrsurr+ri. fun pnm [ ' )>ocl«af. Dipliy »a jno~ |Ck. ALTO].

1 Ron* alKirod î) (and ATC t u**tf| wrtn e*«natd waiir. Blot acna.

4. Imman* <l*c*.radt{i) (and ATC if uvKj) in tai randan]. S:« bnt̂ y with •l«<rroi«i to
llfnovt euboltl trom alKUMt Kjr-jctj. Pntu [ ̂  1 DijpUyW pH rtlu« will Mvt i
Iliolulion ol DAI. V 0.1 ntoKRion b disild. p

'l. Whan |<x> 1 reei Bashing, win trio, [pH »ilu«

1 Rinaa al*cuod<<i) (and ATC prat* it u»«d) with daioniiM «miit Buy nciit. Pnxrtd
to apprepnau «tp. acuxtfmf e e«>i/td iy»t of lundinjoiinn:

1. BONE-POMTfundarfaa:«nii tobtuMd. Iniuvmtniiartady b> umpi*
fnaaiunmanl; pnx**« B Sl*p 1

b. » TV«O.POlNT lundanjaiaon • d«v*d. pnx»«d to Sitp 7.

7. Imminja •l*on>£«<i) (and ATC 1 ua*d) In anond uandirt. Sw bntfly »Kn tltcvceis
to nmovt bubt>i»i Inm ti*ere£a turtacn. Praia [ F I • Wh*n ( <x> ] riopi fluim;.
display wa ahow [pH rrkrt kcx>d. <x> . »• n. k> n).

L Rinia ii*«nx:a<i). (and ATC pret« if uwd)>Hn tfaionurd «ra»t B>oi ticrta.

1 lrnm«r»« al*ctrai:><s) (and ATC if ut*d) in iampl*. S>ir »r<fly v«n iltcuodii Pttu
fV). Whin (OD] >up> aathmo. daplay v3 ano [pH valui tockad. <Z> \
tri«uuram«nt b now onpira. Raptai Site* I ana I. Oovi. lor aedi<«nal lampiit.

1Q '• C«iin>d. prtu [«n] j Uirn on Aute And luno«n.

MEASURING mV AND RELATIVE mV ($11, $12)

MEASURING CONCENTRATION ($12)

INSTRUMENT FUNCTIONS AND FEATURES

ELECTRODES, BUFFERS, AND ACCESSORIES

BATTERY REPLACEMENT, SERVICE
AND TROUBLESHOOTING

SPECIFICATIONS
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FOR ACCURATE mV MEASUREMENTS WITH THE *11 OR *12, THE
FOLLOWING ITEMS ARE RECOMMENDED:

ti»cT«t. F

NOTE: H cemblMiion pM
omt w;vri «f«i
•(.nm i 6«ic-).

UlUlHc tl*C*-*QCf wtt 2 mm
pln-10-BNC Idiplor.

e-.lw iitcioei «
(of Ui turtvtt centres* « US. ra«t;c-
te-BNC iff»sv:r).

Rcftrtnct t>«cjoci. Futun It.
Ciblt «Mh 2 rrun >n ccnnvc^f. Futun II.
NOTE: Omit rtltrtncf tlKVOtf • 'A combination

pH '

4.
Cl»n b
WO-ZiO m
»olulan<>).

5. OR

S^uin boot v bok*r canuirwn; o>«no*< y
«ai*«<3 wuir kx rintxf

6.

. - . _ - . i. Buf!»r». irtl Aceti«xi««"
Fo> mV mauuramira pnx*4ur». itc nai pi;«.

MEASURING mV AND RELATIVE mV ($11, <J>12)

MEASURING CONCENTRATION ($12)

INSTRUMENT FUNCTIONS AND FEATURES

ELECTRODES, BUFFERS, AND ACCESSORIES

. BATTERY REPLACEMENT, SERVICE
AND TROUBLESHOOTING

SPECIFICATIONS
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mV MEASUREMENT: CONDENSED INSTRUaiONS

i. SETUP

F~J

SAMPLE

PrtJ»'» Jimcic

Cl) r̂

h°!

Pnjll £tcr»»4 or
wvt' to t»C-J&C« n

0

REF pH ATC J

Cenntct tna<o<ti 10 inunjnwnt.

E.GD
Turn on ltd ell I'

II. mV MEASUREMENT, ABSOLUTE. FOR RELATIVE mV MEASUREMENT

SEE III. BELOW.

ti
BKX ticm H.O.

OR

Immtnt t
»t»ntf»r<l a limp*.

b/
B

For RELATIVE mV Measurement,
Proceed with following steps:'

mV MEASUREMENT, RELATIVE

Btonnni.

i STANDARD!

Invrxni tlt«uo<!n in
sundart tduibn to CM
uJKl 10 iiubtafi »re
mV point. Sii

SAMPLE

knmirM «l«r.r«n in
timpH Si'

0,

IQ/
B

<*5 T&fl

v4 fl><) OCOO mV
RELmV

NOTE
INSTRUMENT WILL REU1IN IN HEL>T''-'I mV HOOC UNTIL

[T).Q. o«Qis PRESSED.

FOR MOBE CFTAJX.EO INSTRUCTIONS CN ir« UEASUREMEST. PROCEiO TO NEXT PAGE.

MEASURING CONCENTRATION (*12)

INSTRUMENT FUNCTIONS AND FEATURES

ELECTRODES, BUFFERS, AND ACCESSORIES

BATTERY REPLACEMENT, SERVICE
AND TROUBLESHOOTING
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fnV MEASUREMENT: DETAILED INSTRUCTIONS

wH MEASUREMENT TYPICAL USES

So"vi «IMI e( IS* irN modi tn monnodnf chimkil nKttoni, quintan; >en*. tnd <tt*rmininf
Uw eiMblng-'vducIng peuntlii (CRP) erf i jhnn Mmpli. Btouii u^ r̂ u -̂nmcia iri uiuiiiy
MX «e*ci'ic lor « pineviir on or ip*uv rtie>n{i muti b* inirprntd ur**.̂  e oeu<n rruimnfiut
rnuU. Th« UMr irtouM n»v» in.vndinunĉ  o< IM n»rton IA*1 a occurring. or • c«»*«!. tnd d
4ny umpic compofttrra thu could pcunu/ry in«n«f«. For mart dtutod tfttorrrĵ orv r«r«r x ir̂
Htndbook el Appr«d Elicuccrxmir.'y (Bictntn Bulviin 773t).

Th* rtW modt m«y >IM b« utrd whh lorvM)*cirvt •l*eirod«a. Th« **Uitv« rrV modt
In th« tundird iddiuon et tundin lubinaion m«ir>od a( Ion tniryiu.

STAMOAAO SOUmOM(S)

M«k« up tpproprlvlt rundird Mlullcryi) 10 prwM* luiovm voni9f(i)t departing en th« rtltrinc
•Uruvdi u«*4 ine1 U» umptriiun. For >umpi«. common fUndimi u»« ^ rrca n« uunmtnu
art pH < IM pH 7 budtn murtltd wnh qvinn t̂on*.

fnV MUSUHEMEMT WOCEDURE

1. Conwct il*cuodt> ID ipprooniit irovn:
(. Connect Indiutinf ti«c»Ci fc inpt.1 rwk*d "pH". A Plivte-BNC Atfurar m«j e« i*qui>»d u

moil mtulic tltcnMii Mvt t pin nniwcot
b. Conn*a tiltrinci tltcvodt la Irtoul nurttd "REF".

I. Prill 10] le tutn on instnimini. Vxn priu [ ' j te el< v. DUpliy w<l ihe-. | Dt. AUTO ).

1 RinM ilecjodct win tftlonctd wnr. E'« tutu.

4. Immtnt ilecvMit in e»ir»d totuton. f:»u [ » ]. Oapliyrd vilu* '• Crr^mi r.V. u indicnta
by dbpl»y o( [ *£ ̂  Wh«n | <x> ) rcei fu-iinj. o.lsUy ml »lx>. [ tW rai:-.if tocud. «> J.

NfLITrVE mV MEASUREMENT PROCEDURE

V Nrtonn SKp* 1 HVwigh J ol it* MEASUREMENT PRXXEDURE. »bov».

IMn ffil. Wtwn | <K> ) nopt HuMnrj. eaplay wit r».a [ 0000 rnV J. Nat o\*l. In aV moc«.
etuingQ[nciui*s ito iiutrunux ID craMiir) VM itronrV point etrx «hj« oHM curnni
nidinf. Md»in4. Ihu nip mjyb* n»«it>dil iny time ID i*-tsu&C^?i* tiro irrV poinL

i Km* •Itcuoda orih Af'onatd «rUK Eloi iicnt.

< IcnmirM tlcarodtt in umpl*. Pnn (___•__). DapUy*d vilue !• /»Utv» rrV. u in̂ u:»d by (Tiic
of j REL__rrV j, wh«n [cf> \ Hoot f̂ i/ung. dapliy w9 show |»Ampto mlo« rrV nJut locked.
^D V AbWu1* "*' niding o( Iht fru t̂rd »oiuiion • *ufDm*DcJLfy ut̂ iod trom th«

irvV iitding ol ITw umpl*. mulling in • n\urrt mV ttvlirq lor IM unoi*.

1 I conbnuout r««doul ol raliirn rrrV a <<bnd. priu l«"»|»o turn on AWB R«*d lunc«n.

NOTE

VOLTAGE DIFFIDENCE BETWEEN STANOARO
SOLUTION AND SAMPLE MUST NOT EXCEED 1000 ir*.
MAXIMUM DIS'LAT RANGE IN mV MODE IS 1 H> J mV.

HOTt

IN mV MODE, TUt 5»I11S AUTOMATIC TEMPEAATURE
COMPENSATOR PAOBE MAY BE USED FOR
TEMPERATURE MEASUREMENT AND DrS'UIY. BUT
DOES NOT HAVE ANT TEMPEAATl/RC-COMPEN&L-lMC
EFFECT.

MEASURING CONCENTRATION ($12)

INSTRUMENT FUNCTIONS AND FEATURES

ELECTRODES, BUFFERS, AND ACCESSORIES

BATTERY REPLACEMENT, SERVICE
AND TROUBLESHOOTING



j ̂ y-^m -y^^m&^-:]
]W î̂ l̂ ^-l̂ ^^^^

: f̂ SSSft;: ̂ P^§;-S >;

FOR ACCURATE CONCENTRATION MEASUREMENTS WITH THE *12.
THE FOLLOWING ITEMS ARE RECOMMENDED:

C 6=>

2. <S"~^*

-* Icn-Scltcllvt f l»c^ac« witF\ BNC conncf̂ '

Rtftrvnci |I«CJQCI. F^-tvri D.

•̂ S^ ̂ ^ "̂"̂  Fulura II CISIfl W1l̂  2 lun SIA csnn*GO(
^^^^~^ )

/ NOTE: D»p«ndns '"••"• »;sfei!«n. > n .̂
^< »- bri£;t « eeu:>*-iunc«n iivcuoei mj(

be nqvifie.

Vo •tanCaro' MlutKtt of ifprcpriai*
_ ... conctnuaiion. itkr.td Irem ir.« totovirg

("*?< f*T| v»lu*»: 1.00. 2 JO. i CO. 10 00. IIA WO. ««£.
1 •*• 'in ZS04 SCO. ind 1000 vniu. CenetnifBion can

O 1 » [ j 1 ' b* liprtutd m any e«firt< unit} sucn u
'̂ 1 ) L_J ppm. mM. mf/L ».x £1̂ )1.

MiU vp Oust leU/jcts MI c'«tiuit or ^
dluvnf 1 itock tclv'-cn » »-« r%-' 't^u«tni r.

NOTE
CONCENTRATION UNITS FOR BOTH STANDARD
SOLUTIONS MUST BE THE SAME AS DESIRED f CM
SAMPLE READINGS.

. _ . .

, r~ ^\
4 ^ " " * 3

— — ^|

JV.

5 '~'.H.O OR
'. .^

6. ^

(L j
7 C_3/ . • • i

C___^ Tra clt&n DMIua or r̂ untlini ccnuinjrv
Z Z^ »ppro»iflvit»iy 100-1*3 mL. ter eoruining yx

g~ ^ S^uin boru* or tta.<tr ccmiininc ^e'onatd v
* ^ tfistin*^ water tor nrumg flrctrodn.

H,0'(

SAMPLE Th.»a,npi. 10 b« «,..;„«.

MEASURING CONCENTRATION ($12)
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INSTRUMENT FUNCTIONS AND FEATURES

ELECTRODES, BUFFERS, AND ACCESSORIES

BATTERY REPLACEMENT, SERVICE
AND TROUBLESHOOTING
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FORTWO-STANDARD OPERATION

SETUP

: • . - . : • • • • ; • • • > « • • . ' -Y--VX-. .- •-.- •.•-•.'. •.-:•.-..••--:.•:••-•.-.:-..••'--1-
• ;•: •:- .••:•; • . •.:•••'-.•?* •. •-. J.-.*.•:.; --,,.•.-•,••,...•, wy ;,•
.,-:•':..-: '••••..': --•;-..-;-.. : •-• . v-:•:••-- •<•,-. - ..;.•;..';-̂  --v

I

FOB MOBE DETAILEO IN

NEXT PACE.

I ,
STRUCT CSS ON CONCENTRATION MEASUREMENT. PRCCEE3 TO

INSTRUMENT FUNCTIONS AND FEATURES

ELECTRODES, BUFFERS, AND ACCESSORIES



I •••• •:--• ? • . ' ' • . • • • - -•••'> • . •."•...-.••_•; •.<•.-.•.".•.-.••-. -A v1 •-•,... v.
• ..••;-.' •••'--:v\-:";::^..'. :; ^.:-c?^:7?;'•:>-•; i'̂ v-.i

.-.,.• '••"'.'•'-•'•• ••'. •.";.:•••.'.• • .'.•-:.• :-:-;.-/i •.•-.•:••.•, •'.•-• . -_ •

^K^^^f'.^^&^U'' i
I :v?- '̂ ^;S-S ̂ -. -V ••MS?5g^ ;̂ -g: i

Th« te*o-«vj pnxtdura.
kma in unon my d*tmtf unio.

riANDAAD SOLUTIONS:

un b< u»*d B i

tolloolng rtlu.«: 1£0, 1 JO, J-00, llOfi, 3VO, 50.0. 100.0. J5aO, MO. and 1000 uniu.

Unu « conetn>ni>v> mty b« uiy ** •* "*•' fir*> convvmtnL CONCtXTRATlON UNITS FOR
BOTH STANDARD SOLUTIONS UIRT ti THE SAUE AS OCSIPE3 FOR SAUP-.E REAClNCS.

Som« nimpKi of uniti a/r pini f»r maHon. Mrunt, moUt p«r iui. pi-J Mr
<i. tnd ounni

Sfltcl twQ sundif^ viluci •• clou 11 poulblt to tht inflclpurd tAmpIt vilui, pr«ttnb>y
with on* rundtrd v«lu« [xlow and ant lundiid ntu« «bo«« IM umpl*. Fo uarp«. I um>t KJi'
ta ttoul UO nullimtiti p«f tlir [mM). roXt wa lUrxJinJl 0* 100 mM *nd 2SO .TiM. H umpl.
cancimniion >*nw »ieily. br nir-̂ J«_ b«m«n 10 md»l ind 71 moUl. mm up Kan£i
•W molal in4 100 moUL

SliACirtJ and jan^Ut ahould b« <l B» atm* umpvrtlun ID lvo«l l*mp*rtij
vanatont in

NOTE

Standard and ta/r.p* uluttoni may nquira bnc cnn^vi
aO|urm«ra or iur!»nno on rirno>al. Consutl i

CONCENTRATION MEJLSUREMtNT PROCEDURE:

V Conrwct ilecircdti lo aporepnalt inpirB:
a. Conn«a brvtOion tWcro£* ID input mt/ktd *ISE~.
b. Connca rvlntnct iitcredi B input marked ~nEF".

NOTE

V. In addition to ffu kx>->«:»a>v» tlcarait.
pH «l»cirD£l '« connK:<d to U^« in«lfu>n*nl A.S3 • B £•
Invnirud in Vx unu toluiion, DO NOT u»t a wpin:i
nltrtnci tWOMt.

2. Ptcul G |IQK«n onkimum«f<.u>«npmi[ i ]>ocl«ir. D-tpUj «a »,•«• [ Clr, AUTO |.

1 fimn «i«cvodci inin eiioniiK w*>c BKx nctu.

4. Immcri* tiocuodtt in Rm r.an<an9 aoKnJOA. Prmfc^M.lt^n priM ' y lii manyiim«i a* nc^ft
lor (n* concanuarion vilut o* V* Eirn r̂ ndard 10 thow pn ih« d*4pUy W>^n^^T) • prrutd rtp« atK>
IM Ujplly >up> in/otrfl) Uti tocoing rtlun: 1M. 2iO. SIX. K. a. Si 1&T2SO. SOC. f£ 1CCO
concamraiion units. For •tampi*. il th« conctnuationof tfw tu-^arti a ICO uî a, prrn [H3 ]»*«

<*> , V »).
S. Rinn titcupde iai Btt nctn.

t. Immcaa iltoiocti in atcond r̂ ndard toimiOA. Tho rim and ircc^d n.*4a:Cs muit b« dincrtii.
bvt can b« mtaiurtd in any or<«t Pitu [ ̂ *J aj many time i ai n««<»c lor ^t Ctipiiy to ir\e*r tnt
concinuaiion ralut ol IM >Kond lUndtra. 1 9.. ISO. Whxi [ <r>] sc;» luf-.nq. display ••" tncw
| ISO lockrt. <c . K n).

7. R>ni« (itcuoen »<tn e«X"itJ -111 Ciet iictii.

1 Immtrit ikcvwtl in lampl* Preil [e»c]. V/h«n |OD ) r«p« ?.av--;. e i:-Jy »Jt 1.-C" I »-; c
varo« locked, ^ |. Maaiwtntni it no* compltta. R«p«ai S:c;i 7 a-1^ t. abo««. kx acs :-cnai
lampitt.

tnuaiien rtitoul » d. pf»i> |«/»| B tut^ o« A_-j Rtii r

INSTRUMENT FUNCTIONS AND FEATURES

ELECTRODES, BUFFERS, AND ACCESSORIES



ELECTRODE CONNECTIONS

CCMCE.XTRATICN
F.ICTROCE
P3S1.
tvC-TYPE
CCNNECTCH

t

1

ELECTROOE.
2 mm PIN
CONNECTOR.
DO NOT USE IF
COMBINATION
ELECTRODES
ALSO USED. *

ELECTSCCE. SENSOR.
BNCTYPE P/NIMlli

• ••".•'•'•' -.'.."• '•' ''.:••-:' :-••••'••"'.••'•. '^•'•.. '•'\: ';-:' : •'- .-:
•-••/ - ' • ' ' • ' • • • • ; ; - - : •• '•": '-7; '-:-vV^l^'x. ' : : . : '••/••

-.-"• :-.--^.^\'--^:--'-::-^-^'.^-:^-:^:^'-}
' ' '

i :'-' '•"•••; ' . •-.'• '•' V
• • • - . • - :"'>'

DISPLAY FEATURES AND STATUS INDICATORS
DISPLAY

2. (Or) •

ho« U>« telcwing:
mjf»(3 yin»bl«: pH.

rrd. Indcuing ihjl insinim*m b n [ i |« prt»M«.

rei

AUTO

: tlKJXity »h«n Vv tl»o.iedi pair • na in unn«n. In Vui cui. imi

UG*an. c*>*ck conn*cioni and tlccvodrt tor poufei* op«n cimit.
w

Tna LTV*! e"^a dH^ay Umptruuri in *C. WJ nad 2i'C t ATC no( P<u9;td kv

AUTO BUO ON/OFF Indlettw tor AUTO READ OwOf F <<y itK:i
AUTO R£A3 Slilul Indlcilor (rft tymbol). FuncJani durinf lUnOrC^alon t̂ d »1cn
Inrrĵ *̂  "^ mo^a. During jfintft/tfifl' — "• *v» rymboJ rj^S fl*»N«rtg
^^•^^^a p'tsitd. inl toCQ on «fh«n tht rf itfing nu HA^'&jr< DuT^g }jmp« mrjiur.
•M/t « AJTO mM<. tnt •)• tymeol turj aunmg »h«n i m«t kf; a pxiirt. >nd tocU w
•h*^ r« ruemg h» nsa.im Tn< ruling nmtm tocud unU > "vet k»j a p>nird It i-v
Imfvi* c/ cpotLT^aitty 30 mrfvtci tli;it$ withou a kty b«*g p«t UK. th* rauvm«m tu*~j
en i •^"•^••"y to coru«r»i v.t bar.tncs. bvl rtbin an iianiircaC'On ciu in mernory

STATUS INDICATORS
i r-j; ATC • plugg rt in. Th* iniinmuni mtatuiti and f'tHift :Hr$ttr.un »jh.n •.-«

t»nr;frf-;*C ind 100'C. DnD<»y o( [Er| indium cia tfx itTptri'uft ienit< o
r.»L?.t**t f»r;t. or tnt ATC a norlunctional.

lne î:ts ra: ATC a no/ ;iu;;td m. Tht tamprra:^rt fiaej'^ ei'a.-j *j ZS'C

HUM
A
C"C

Intfcxrl T~J: irjvvnvnl n in pH modi.

Inccx^t CM: insiniffltni is in ITA' mode.

lntfca:n rat instrjmtnl is in rvlillw mV modt.
11 and t12onty

In̂ itn ral >ul.-umtn< il in concinlmlon modi. +12 only

Inecxn T'J*. on* iunca>£ nai b*M usrd to sianeartiitt tor vtt sritcrd mtaiu'tm«nt rr

> I
ni

t r.2 r«« randanti havi b««nus t (of tr.a x

T
w

Inecatn r* rtplactd.

INSTRUMENT FUNCTIONS AND FEATURES

ELECTRODES, BUFFERS, AND ACCESSORIES



KEYPAD

ON/OFF STANCARDI2E CLEAR

MILLIVOLTS RESOLUTION
(»11.»13. only) tpH only)

AUTO READ CONCcMTAATION
ON/OFF («12 onty)

KEYPAD FUNCTIONS

KEY

Inttrvmt ntOWOFF Kry.
ln>uum«nl thud oX lulom

El Cltir K«y. O«in
Insuumtnt u AUTO Mod*.

CFr. th« iAUrumenl rvtAJAl th« rjn îrdî lion £iuin mrmcry
l.'*' 30 minults rt Vur.rnly ' AUTO RLO a ON . (Sti txlo- ]

4rj/f Al sundartiiution dtu le dtliuli vilwti. and rtiuimn

Auto Rtid K*y. Turns Aulo Ri 12 rincion ON and O^F:
V Wfn AuloRod a CN

> Th« woo IAUTC) i;;«»n on in* dupiiy
11 Th» iniinjm*r.i urj 7*̂  ti*c/od« lignal lor fU&iliry During inis tm. | <x>]

Dashes CN a^d C^^. Wh«n iht signal hu met ihe ra^^ty requirement (set
SPECIFICXTOK?,. |<T> ] nmains on continuously, ar^ u\« eX*«l duptjr teco
onto lh« rtaemg No h r̂.Sef meuurvmcnu are maci until a k«y is p/essid.

C Afur X minutes •(.W. Uy?»i input, tn* >ulnjmenl turn* el aulooiiî aily but
' mains an rjnt

I. Whin Auto Read a Cff.
a. |AUTO| disa;r*^T î~*
h Tre instrur-.trt =-:.-. i

mv. a* CCNC
C, A .̂er 1 to 7 nouri

ictains aA su/>C4'ti3:£n dau.

ruplavi in •_••• seieccc TCCe pH.

« insliurrieni turns off aulOfnatca'Jr tut

pH Resolution Selection Kry C.M.-{es reselution of the delayed pH rti;.rv; trow 00'. to 01
pH unit, or nca vtna. Al Ine k>-»- res«lul«n (0.1). um« re<;ui'M lo> U^« Auto Riad •« lock is
fhorur. (Se« SPECIF 1CATKDNSV

Scltcu lh« pH measurement rr.otfe.

Selects the mV mode ((Hi u. pni 12). lor maasuxmeru ol liuter uscluti v relain«
nlivoru. S*« MEASURING rti A.N3 RELATIVE mV.

Selects ln< concenlnllon roaiunmenl mode (pHl \t\. Used «<Ui lp«.l< ion ele<r.io<el

Sli/wJioJUt Key. Sun£arCi:ei rxrumenl. Olpends upon rnot^e.
a. pH Mode. PjD] Key u-jsit t-4 insuumeni to auiomai<aJ)y iceniiry \nt pH »alu« ol tn<

buHe' liom any one of the fo-^v; 1 68. 4.0a 700. 1001, and 12 <&.
b. mVModeu?HI 11. pMI IS. t^^riy causes IMinsvument 1« eiulf'SMne ieio-m.ll~or.

Wv*l at the valu* of Ine n^trc readtnf. InsJrument a no* in Peiativ* mV moce
C CONC Mode (pHl \f}- K<;»r«< p>«uog ol Î J ]̂ K*y causes the instrument to pep

Virnucjh the toMc~v>f s^vtve of values: 1.0071.50. 100. 10. J5. M. too. 2:a SCO. and
1000 concenl/ation unri
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COUB1NATION ELECTRODES:

GUu Boor >«<Aga. RtU«b»
Glut Body Cikxntl. Ftt
Ept»f Boor Citom.1. Ri

T< n-Tut>«

38SJO
39577

Epoty Botfy ***SC--- Oil

GUu ftoJy, Sur
FUi Bulb. E?aj Boc^r

ElICTBODE P/URS:

pH INOCCING ElECTROCES.

ft-M pM, SprunciJ Bulb 393U
0-11 pH, Dent Bulb (DuniH) 393K

REFERENCE ELECTRODES:

CtforMl Hill C*B. Outre F£*r Juncbon
C*tom»l Hifl C*t. Ctimc Fni Junr.on
AfiMgCl Halt Ctl. Outre Fibtr JuK-jon
Ctloffl*! Htn C»l. Sl»r-t OoubK Junction
CttoflMl HtK C«a. k>wrx! SUM Juneuon

39U1
39&M
3913!
39524

:LECTRODES
SJnrBJd 3S;ti
P'jtinum Inlty XT71

2. FUTURA II KEEPER CABUES
COMBINATION AND INDICATING-

ELECTRCOE CABLES

Vn. BNCCo«»«x 5S757*
3m. BMC Conntttv S 57575
tm. BNC Connerw JJ7iSO

3. SALT BRIDGE: 563853

REf £=.=NCE ELECTSOOE
1G£?«=( CABLES

1m, Jmr:
2m. Zrre
em. 2rv-.

5519U
SSS9M

4. SUBMERSIBLE COMBINATION pH ELECTRODE WITH ATC: 39530

5. AUTOMATIC TEMPERATURE COMPENSATOR, £58115:
Ptrmia Ump4ruur* m«uurem«m Ind ̂ •«r<'r. ̂ ^ tamp^ltur*
cornptntaticn otf pH tnd io<yMWONv tl«e.-3Cn. wrjun nr.̂ t of -S'C to
TOQ'C- Epary bofy. For u>« wiui nt.t£i.~ 5->xn 03on)
Vftuin X' p rr>4lif) ciilt wrot miniinn phcn< j»cl.

6. ELECTRODE ADAPTORS:

BO— Mipu Giui E.«C-DCI (GE) BNC urmlnal on
pHl $•"•> pH Uri-i •

na»rt l»
BNC Adiplor

A£lpU GllJl E'K1-3C| |Gc] BXC Urtrunil on
pHl Sciio pM Um a ictanmoei:i
• leOIO(tc>

S>33(7 PIN 10 BNC Adiptor

7. BUFFERS

pH 4 Buffer (rrd)
pH 7 BuPar (grtrn)
px 10 BuR«r (biu<)
pH 12.«S

8. FILLING SOLUTIONS

el Plnn 1 Ctnon I Cilont (Colorltu)

SI2S17 SE600 te:t22 30CS
u»2i *c»ou it:tn 3007
•82525 W6CC5 it2!24 3019

M'.O

l.on or A .̂'A;CI Rllcitnct
itiuraitd-. to tx uiKJ

CcscHptlon

Comdinatton E>CJX>
E'KtnXt FJkng Solution (<M *
•HA AfA^O innrnais)
A<l«'<nc» EWctroft FJUnj Solution (ulun:td KCI 1C b* utre
«nin Calomtl iniirnali)

E!»Oi«« Soaking Solution

SaN Britf£« SoKrUOA. ConUint Sodium Nilra:* and Sodium
ActtaK
FJtng Solulen. 1U. KCI 5a!ura:id »ith AjCl
(Sia/-S*'i«s *i*cirocci onry)

9. pHl START-UP KIT:

«•;»:« el ICC nL
Kiel

a-;tckol 100 nL SMJ-tl

«.;ic»d 100 mL SMSTt
berjti
J-;jck o/>CC mL !66-i£9

<-;i:kol ICOmL

Pin No.

10. pHl STAND LAB ORGANIZER 1231:6

11. pHl DELUXE FIELD CASE 1231:!

12.pHl SOFT CASE W3127

13. pHl MOUNT, WALUSHELF BRACKET SMISO

FOR PSlCE A.SO CELtVEFTY INFORMATION. CALL 1-»OC-T»2 2VS.



rvJVv^:-.-:/':vv^

pi ,.... .- . . -
•- "" _/' i.;'•*»" '""•.", ' ;-"•«• .;*'*.* •"

ry Gt« d ov«r 1£00 hovn
Of coramuovl opwicn. R»p4*c«n>«nl b4L.-.«n«s can b* Ocnajrwtf by orCtnncj Pma Na I4S7&4 horn your
local B»e»man cff«». pn U 5 CJ« 1-I00.7»J.Z>I5). .

•!• bun:

hrtNo.

TL-MOO AA/S

Local luppl«n m*r b* tound in your Ul̂ irion* finforj.

Na» eul -.Not binrm ar» 14 .on WMum ctlli Do no ar.»mpt to rtpiaci Uitm »n,-i 13 >«
HUiint or canovzi

\ (3 /H injtruir*rt £»>«y Vidicatr* low bant
hmrt on. otrjm ifwulcl b* raplurt:

1. R«mo»« I PrJip» term and eoRom cc*r*i liom niuvnwnL
i. lift owl We t4Ti»r»t.
a Now (•) a.-<! (-) ma/tine^ in bar.iry avnpmncr*.
4. Cx«ck [») and (-] martunf i on banarwi and intol u ancwn:

or H display • blank whtn

i Rtplac* Uck eov« and tertwi.

ftCCRTWn: A -BREAX-IN- PERIOD OF UP TO » UIWTES IS RECUIRED WHEN
SOUE NEW LTTXIUM BATTERIES ARE FIRST PUCED INTO SERVICE. CORING THIS
pErjco. THE LOW BATTERY SYMBOL AND SOME XHOSTING* MAY APPEAR ON
TH; CISPIAY. IF Sa LEAVE INSTRUUENT ON FOR 20-30 MINUTES AND THEN
PRESS fT). THE LOW BATTERY SYMBOL AND "GHOSTING- SHOULD DISAPPEAR,

TROUBLESHOOTING PROCEDURE

I 0-tconrvc. tl«c-jod» c»bM«) horn 'fuvuiMnL PnutO Ichjm on inimr.int. tMn priti [ ' ]a
cJtti Da;i<y w-xxila »N>- JO. AUTO|. tl net. nplad Barj<«> p«i BATTERY REPLACEMENT.
aiw .̂ t natiunwrt a nil ino;trauv«. cal Sirvict Hoi Lin*. Vt004H-t2i7.

3. lour, t-4 tnd o< a pa;«r c6p iwo ir>« imal **!• in Ih4 e«-»f ol 1M "pH" »>pui corun-cr Ho<: •-••
c<-Vt> t-a ot ir>« die 10 ih« inî i baml ol v>< iam< conntc'.o' ai ihc*n.

Paper Clip

1 P:tu [•* 1. ttxnl̂ 11. Th» <UpltT ihouid leek V pH 7£0. intieatin; 4 o««-poinr iia
a. I ira v̂m«ni pauti Uft. to 10 St*p 4.
b. I rs.Tjrrvani Uli un. »B Sirtnct Hoi L'»<: VKO46J-6217.

'. R*c3r.-*e! pH iivnset cabtt 10 ~pH" input cenntoor. Shon th* incui ernnto.o' ol

Pipti Clip

y showed lock at pH7£0. P(tu [^J. U*»n rtmo«« pj>*r cc?
- .

a. I irjuvntm pau» Hit, (e ID Sup 1
b. B r̂ ivmtnl UJl Kit. UD SKkmaA EI«CVDCh»rr«lry Appl<al«ni

TU-«TV-l»A| Vrtmin Caltemia
S. ftfarftf. pH t>tc:rod«<i). kniMit <i*ctrod«<>) '» pM < boP«f a/id p«'to<m ont-pom

r̂ v:irtur on. Th4r> immin* «kcv«»<») in pH 10 ovf!» and taxi pH mimg Ai 25'C In*
n<£>4 >r<ould IM b«r»t«n 17 and W.1 pH.
a B r.4 ttr b pvx»«J. V>« pH ir*ur. c>y« and tltcro^^i) an lunc-.
; i" •>< » 'a Ud e» CM t't<r.ioc>t) ««« t« '»iî «^a:»« e< n;ii:r<
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INSTRUMENT

•ECKMAM
run HO.
«*l MEASURE WENT

Rant.

[S«l*CUMa)

R»Ulrr» Accuracy

AMD Rt«d MOM

0(0

Ofil, 01

•Wl 11

OfcliMpH

001.0.1
pM unir

tun pH

•Ml 13

12J04

Ola ISM ;H

001.0.1 pHunrt

t Oil pH

0.1 pH Rj tarpon Display lock! aflfr rtlCf*) a lUMl wiWm 1.0 mV
kx 4 Mcondt.

CJ31 pH PjUvtor Du;iir locia ir.tc me in; a n»t «nn»i Oi mV
tor I IKOfltit.

•vt1*r| R*cognu»4 by InitninunL lil <0t 7.CQ. KU51. U.4i pH.

WIUJVOC
MEASUREMENT

FUr*.

Acnmey

Autt K«d Mod*

CONCENT BATON
MEASUREMENT

R*/Accuracy

U>»£U Sundtrd
VtkMi

-99U10 4»9«nfV

0.1 mV

t a2 MV
(̂. nUlivl rrrV

• W3S mV

0.1 rrrV

naming, rt (xtnrt rw

Di»pfty toclu ah«r raiding b su&fe vit/iin CXS mV
kv I Mc

tO.1 rrrV

Display locks lf,n
n»e~ing a »U2K
»*fun C.2S irfV kx

Two viturs. in any

1A 2i SO. 10. 25>
sa wo. 210. sax
and 10CC

TEUPtRATURE UE>SUREWLNT (AU. VOOELS)

Range-S'CtolOO'C
IUMIul«n:0.1*C
Aecuricy(vri_. ;.-ikm»n«98llS ̂ ni*f 1 WC

MISCELLANEOUS (ALL MODELS)

kipui ConnKiioni:
1. BNC input kx pH, mV. in) tcncmon.
Z. J-mm pin conntcar lor n'runct «*e--rtx:a.
1 Uniarun phoni /JC» kx B«oro.-\ JMlli Auumalic Timptriturt Comptnn:c'

Optralinf Timp«ntu>i-. tt'C » O'C a.r-̂ «r«. rorxon însmg.
f,nn Sourct: Vo ktAtum c«*U. 11 vc"3 ta;\ AA Sat.

Error Ind
1. Input ov*rvoAa;t (ill mod is)
2. Ttmpvralur*
& Lo» bantnti
«. Ovxttenabta

Si»: 5.3 inchtt x laincnti « 1J inc-*».
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CONDUCTIVITY
, (YSI METER)

i Scope and Application: Thi: method is applicable to surface water, wastewater
and groundwater.

1

Method: Specific Conductance (Electrical Conductivity), umhos/cm @ 25*C
*

Reference: EPA 1983, Method 120.1

; Detection Limit: 10 umhos/cm @ 25*C

, Sample Handling: Determine on-site

* Reagents and Apparatus:

i 1. Conductivity meter, YSI Model 33SCT
2. Deionized Water
3. Conductivity standards, 1,000 and 10,000 umhos/cm @ 25 C standards

(commercially available).

] 1. All conductivity readings must be corrected to 25*C.

Procedure:

I 1. All glassware is to be soap and water washed, tap rinsed and deionized
J rinsed prior to analysis.

• 2. With mode switch of the meter in the OFF position. Check the zero
i setting. If not at zero, use meter adjusting screw to zero (on front
1 of the meter).

.--.•>-.--.">
i xE' 3. Plug probe into jack located on side of meter.
4

4. Turn mode switch to red line and turn red line knob until needle aligns
I with red line on dial. Change the batteries if meter cannot be
' aligned.

5. Analyze both of the conductivity standards. If the results are within
| the specified control ranges (90-110%), analyze the samples. A
I standard should be analyzed after every 10 samples and at the end of

the analytical run. Table 1 lists non-temperature compensated values
for both of the standards. Use this table as a reference when a
calculator is not available to perform temperature correction on the
standards.

[V-SOP]
CONDYSI1-1



6. Totally immerse and suspend the probe in the water sample. Do not
allow probe to touch the sides of the sample container. Allow the
probe to equilibrate before proceeding to the next step.

7. While gently agitating the probe, take the sample temperature (*C) to
the nearest 0.5 C and record.

8. Turn mode switch to the appropriate conductivity scale (X100, X10, or
XI). Use the scale that produces a mid-range output on the meter.

9. Wait for needle to stabilize (about 15 seconds) and record
conductivity. Multiply the conductivity reading by the scale setting.

10. Rinse probe with deionized water.

11. Record specific conductivity and temperature.

12. Store probe in DI water between uses whenever possible.

13. Turn mode switch to the off position when finished.

Quality Control:

1. Both quality control calibration standards are to be analyzed,
initially and after every 10 samples. If less than 10 samples are
analyzed, the calibration standards are still required. The last
sample analyzed in the run is to be a calibration standard. These
standards must be within acceptable ranges or the samples run after the
last acceptable check standard are to be reanalyzed. Record the
calibration standards in the quality control book. The confidence
limits are noted in the quality control book.

i

i

1

* 2. Duplicate a minimum of 1 out of 10 samples. If less than 10 samples
are analyzed, a duplicate is still required. Duplicate values are to

i - be within acceptable ranges.

Calculations:

| 1. Calculate specific conductivity at 25*C using following formula:
GT

[1 + 0.02 (T-25)]

Specific conductivity at 25*C, umhos/cm

1 T = Temperature of sample, *C

GT = Conductivity of sample at temperature T, umhos/cm
1
I

[V-SOP]
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TABLE 1

NON-TEMPERATURE COMPENSATED CONDUCTIVITY
STANDARD READINGS FOR 1,000 AND 10,000 mm hos/cm STANDARDS

Conductivity Standard
1000 umhos/cm

Conductivity Standard
10,000 umhos/cm

Conductivity
Standard Should

Read

500
520
540
560
580
600
620
640
660
680
700
720
740
760
780
800
820
840
860
880
900
920
940
960
980
1000
1020
1040
1060
1080
1100
1120
1140
1160
1180
1200

Conductivity
Degrees Standard Should

at C Read

0 5000
1 5200
2 5400
3 5600
4 5800
5 6000
6 6200
7 6400
8 6600
9 6800
10 7000
11 7200
12 7400
13 7600
14 7800
15 8000
16 8200
17 8400
18 8600
19 8800
20 9000
21 9200
22 9400
23 9600
24 9800
25 10,000
26 10,200
27 10,400
28 10,600
29 10,800
30 11,000
31 11,200
32 11,400
33 11,600
34 11,800
35 12,000

at
Degrees

C

0
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35

[V-OSOP]
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YSI MODELS 33 AND 33M S-C-T METERS
INSTRUCTIONS

COTCUL DESCRIPTOR

The YSI Model 33 and 33« S-C-T Keters are portable,
battery powered, transistorized instruments designed to
accurately leisure salinity, conductivity and tempera-
ture. They use a probe consisting ot * rugged, plastic
conductivity cell and a precision TSI theraistor temp-
erature tensor combined in a single unit.

Conductivity with tbe Model 33 is expressed as micro-
•hos/centiBeter; with the 33M, it is •illisicBens/
meter (aS/a). These are aeasurements of tbe electrical
conductance the sample would show it measured between
opposite (aces of a 1 ca cube. (Conversion information:
1 microaho/ca • 0.1 BS/B.) Salinity is the number ot
Brans ot salt/kilogram ot sample (ppt-» parts per.
'•thousand). This measurement assumes the sample con-
-•'tains a 'standard" sea water salt mixture. Tbe sample
temperature is measured in degrees Celsius.

Salinity Beasuresents are manually tecperature compen-
sated by direct dial. Conduc:ivity ceasurements are
Dot teaperature compensated; however, a temperature
function is provided on the instrument to aid with
calculation ot corrections. Vhen temperature and con-
ductivity are lno*n, it is possible to calculate sal-
inity: and when only temperature and salinity arc
known, it is possible to calculate conductivity. This
is discussed in the sccion on Recaliiraticn.

SPECiriCATIOKS

Bodel 31 Conductivity

Ranges: 0 to SCO (xl), 0 to 5.000 (xlO), and 0 to
50,000 microaho'/ca (xlOO) with YSI 3300 Series Probes.
(Note: The "aicroaho" designations on the meter are a
shorthand form for "micromho/cm".)

Accuracy: (See Error Section)
+ 2.5X mix. error at 500. 5,000 and SO,000 plus probe.
+.3.0* mix. error at 250, 2,500 and 25,000 plus probe.

Readability:
2.5 Bicromhos/cm on 500 aicroaho/ca range.
25 Bicroahos/ca on 5,000 aicroaho/ca range.
250 aicrcmhos/ca on 50,000 aicroaho/cm range.

Teaperature Compensation: None.

Model 338 Conductivity

Ranges:
0 to 50 (xl), 0 to 500 (xlO), and 0 to 5,000 (xlOO)
aS/B with YSI 3300 Series Probes.

Accuracy: (See Error Section)
+2.SX BIX. error at 50, 500, and 5,000 plus probe.
+3.0* aax. error at 25, 250, and 2,500 plus probe.

Readability:
0.25 BS/m on 50 aS/» range.
2.5 cS/B on SOO B$/B range.
25.0 aS/a on 5,000 mS/a range.

Teeperature Compensation: Kone.

Salinity

Range: 0-40 ppt in tenperature range of -2 to +45°C,
within specified conductiv.vty range of 0 to 50,000
aicroBho/ca (0 to 5.000 aS/a). See chart in section on
Recalibration.

Accuracy (See Error Section)
Above 4 C: +0.9 ppt at 40 pjt and +0.7 ppt at 20
ppt plus conductivity probe.

Below 4°C: +1.1 ppt at 40 pyt and +0.9 ppt at 20
ppt plus conductivity probe.

Readability: 0.2 ppt on 0-40 ppt range.

Teaperature Coape&sation: Einual by direct dial froe
-2 to +45°C.

Temperature Range: -2 to +5C°C.

Accuracy: +0.1°C at -2°C, +0.«°C at 45°C plus probe
(See Error Section)

Readability: +0.1S°C at -2°C to +0.37°C at 45°C.

Power Supply: Two D-siie alkaline batteries, Eveready
C95 or equivalent, provide approximately 200 hours of
operation.

Instrument Aebient Raage: -5 to +45°C. A atxiaux error
of +0.1X of the reading per °C change in instruaent
teaperature can occur. This error is negligible if the
instrucent is readjusted to redline for each reidinj.

YSI
YSI Scientific
Yellow Springs. Ohio 4 5 J87 USA • Phoo« 51J 767-7241 • 800 34 J-HELP



Salinity Error

Tbe sa l ini ty readings are 4 Junct ion of teeperacure and
conduc t iv i ty , t h e r e f o r e the accuracy is a func t ion of
both.

Tbe t e c p e r a t u r e sca le and tesperature control hare beta
des igned to min imi re tbe t tDper i tu re error contr ibut ion
to the salinity e r r o r . The error shown in F igu re 3 is
tbe total of the t e m p e r a t u r e and conduc t iv i t y probe,
the teapera ture scale and tbe salinity scale error.

of

_]_ J_
ppt SALINITY KEADIHC

FIGURE 3

Example .
Refer Heading: 10 ppt, • 10 C
% of Reading Error: C.5*
Accuracy: • 10 ppt +0.6S ppt lor all errors,

combined worst case.

CIIOJIT

The circuit is cocposed of tvo parts; a Multivibrator
and switching transistors. The itultivibrator produces
a square waveform voltage. The square wave is applied
to tvo switching transistors. They alternately apply
tvo batteries of opposite polarity to tbe probe thus
providing AC power vhicb minimizes polarization ef-
fects. Tbe ceter is is series vith one battery and
leisures tbe current froi it. The current froa the
battery is proportional to the conductance of tbe cell.
Salinity is Measured in a special range conductivity
circuit vhicb includes a user-adjusted tetperature
coapensator. In the teaperature, tedline and Zl posi-
tions, tbe multivibrator operates at lOOBz. IB tbe
salinity, X100 and 210 positions tbe multivibrator
operates at (OOBz; in these ranges, pushing tbe CELL
TEST button drops the frequency to lOOSi, allowing the
operator to test for probe polariiation.

TJISTXUICDrT BAIXTENAKCZ

The only maintenance required is battery replacement.
Tvo "D" size alkaline flashlight cells, such as Erer-
•ady ESS or equivalent, vill provide 200 brs. cf opera-
tion. Accuracy vill tot be Maintained if zitc-carbon
"D' cells are used. Battery replacement is isdicated
«ben tbe rtdline adjustaent cannot be acconpliiied.

teplace batteries every six months to reduce the da&ger
of corrosion due to leaky batteries. To replace bat-
teries, reoove tbe screvs iron the rear cover. The
battery holders are color coded. Tbe positive end *ust
go on zed.

NOTES:
Resistance values in chns. K « 1,000. Xesistors
are 1/2 V, lOH, unless otherwise specified.

Battery is S siie, alXiline only. Eveready E-S5
or equivalent.

YSI KODEL 33 A«D 33K SCREKATIC

This schematic is representative and
»iy be slightly different trot the
circuit in your instruzeat.



2. You »»y use tbe resistor and capacitor bookop shown
in the sketch to substitute lor the probe in tbe fol-
lowing recalibratio: procedure.

a. Set tbe instrument lor a salinity seasuresent as
nornal.

b. Substitute * 1000 ticrofarad capacitor and 112.7
oha 0.1X tolerance resistor (or the probe.

Connect the resistor and capacitor between tbe green
vire and red wire on tbe jack connections inside the
i&struaent.

vw
CREEN WIRE

RED WIRE

O

1000 pt
.IX

c. Turn the temperature
redline.

dial until tbe »eter reads

It cleaning does cot restore the probe performance,
replatiniiirc is required.

Storage

It is best to score conductivity cells in deionized
vater. Cells stored in water require less frequent
platinizatio:. Any cell that has been stored dry
should be soaked in deionized water lor 24 hours before
DSC.

Replatinization

1. Clean tbe probe.

2. Place tbe cell in a SO »1 (approximate) jar or
beaker and aid enough YSI 3140 Platinizing Solution to
cover tbe electrodes. Do Dot cover the top of tbe
probe.

3. Plug tbe probe into tie Hodel 33 or 33H, svitch to
the X100 scale to platinize tbe electrodes. Hove tbe
probe slightly to obtain the highest meter reading acd
continue platinizing (or tbe approxiaate tiae jhovn
belov;

d. Reinstall tbe temperature knob with the arrow at
25°C.

This is a temporary calibration only. Return the in-
structnt to tbe factory lor proper recalibration.

TfSI 3300 SERIES COHDUCTIVITY/TEHPUUTURE PROBES

Description

These probes are designed and constructed lor rugged,
accurate service in field use. The conductivity cell
constant is S.O/ca (500.0/«) +2\. Each probe contains
a precision YSI thermistor teaperature sensor of +0.1°C
accuracy at 0°C and i0.3°C at <0°C. The low capaci-
tance cable assembly terminates in a
0.25" dia. phone plug.

three tereinal

The 3310 has a 10 foot cable and the 3311 a SO foot „
cable. Olker lengths are available on special order.

The probe has a rigid P.V.C. body, platinized pure
nickel electrodes, and a rugged cable.

Cleaning and Storage

Cleaning

When the cell test indicates lov readings the probable
cause is dirty electrodes. Hard vater deposits, oils
and organic mi"er are tr.e tost likely contaminants.

For convenient noraal cleaning soak the electrodes
lor S minutes with a locally available bathroom tile
cleaning preparation such as Dow cheaical "Bathroom
and Chrome Cleaner.' Johnson Wax "Envy, Instant Clean-
er," or Lysol Brand 'Basin, Tub. Tile Cleaner."

For stronger cleaning a 5 minute soak io a solution
•ade of 10 parti distilled water, 10 parts isopropyl
alchol and 1 part EC1 can be used.

Always rinse tbe probe thoroughly in tap water, then in
distilled or deioni:ed water alter cleaning and before
storage.

CAUTION: Do not touch the electrodes inside the probe.
Platinum black is soft and can be scraped oft.

Kettr Reading
micrcrios/ca nS/t

30.000
25,003
20.000
15,000
10.000

3.000
2.500
2,000
l.SOO
1.000

Tine in
minutes

5
6
S

11
16

4. After tte elapsed tine, remove tbe probe and rinse
in tap water, then is distilled or deionized water.

5. Return the solution to its container. 2 oz. o!
solution should be sufficient lor SO treatments.

Probe Dse and Precautions

1. Obstructions near the probe can disturb readings.
At least two inches of clearance Bust be allowed Iron
Don-setallic underwater objects. Xetallic objects
such as piers or weights should be kept at least 6
inches Ire: tbe probe.

2. Veijhts are attached to the cable of tbe YSI 3310
and 3311 Probes. The YSI 3327 Veights are supplied in
H.>is with a total weight of 4 ounces per pair. Should
it become necessary to add more weight to overcoae
vater currents, we suggest limiting the total weight
to two pcuads (1 pairs). Tor weights in excess of t«o
pounds use an independent suspension cable. In either
case, weights must be kept at least t inches away troa
tbe probe.

3. Ceit'.e agitation by raising and lowering the ;:cie
several liaes during a aeasure:ent insures llcv ct
speciiea solution through the probe and icproves tbe
tiae response ot the temperature sensor.

Conductivity and Salinity Corrections tor Long Cables

Tbe additional length of vire in long cables adds
capacitance and resistance which will effect reidiigi.
The reccraended way to correct for these influences is
by use of YSI Conductivity Calibrator Solutions (see
below), which will permit an estisate of correction
factors. II these solutions are not available, the
lolloviag tables can be used for tbe correction of
errors caused by cable resistance and cipacitance on
special length versions of the 3)10. 3311. S-17933 and
S-16120 probes.
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CHAIN-OF-CUSTODY
J Superfund Level

, Scope and Application: Chain-of-custody procedures are used to maintain and
document sample possession. This particular procedure
is applicable when full chain-of-custody procedures

' are required for enforcement driven investigations.

Reference: NEIC Policies and Procedures, May, 1978 (Revised March, 1986).
EPA-330/9-78-001-R.

i U.S. EPA Central Regional Laboratory (10/15/82).

Procedure: Due to the legal nature of enforcement driven investigations,
j possession of samples must be traceable from the time the samples
' are collected until introduced as evidence in legal proceedings or

destroyed. To maintain and document sample possession, strict
J chain-of-custody procedures are followed.

A sample is under your custody if:
i

\ 1) it is in your possession, or
- 2) it is in your view, after being in your possession, or

3) it was in your possession and you locked it up, or
] 4) it is in a designated secure area.

Field Custody:

j 1. As few people as possible should handle samples.

^ 2. The field sampler is personally responsible for the care and custody of

1 -'^ the samples collected until they are properly transferred or dispatched
to the appropriate laboratory.

3. Sample tags and labels shall be compK.,^ for each samH". -, using water
proof ink (unless prohibited by weather conditions). For example: a
log book notation would explain that a pencil was used to fill out the
sample tag/label because a ball point pen would not function in
freezing weather.

4. The field project coordinator determines whether proper custody
procedures were followed during the field work and decides if
additional samples are required.

[DMSOP1
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I Transfer of Custody and Shipment

1. Samples will be packaged properly for shipment and dispatched to the
j appropriate laboratory for analysis, with a separate custody record
] accompanying each shipment. The method of shipment, courier name, and

other pertinent information is entered in the "Remarks" (#14) section
. of the custody record (see Figure 3). Shipping containers are "sealed"
] with numbered chain-of-custody seals. The seal numbers are also noted
1 in the "Remarks" section of the custody record.

; 2. Samples are accompanied by a chain-of-custody record (see Figure 3).
; When transferring the possession of samples, field personnel will

complete the information required for #1 through #11 on the chain-of-
. custody. Any remarks pertaining to shipping are included in #14. This

information is required prior to the field personnel relinquishing
1 custody of the samples. This record documents sample custody transfer

from the sampler, to the mobile laboratory or a distant laboratory.

j 3. Each shipping container will be accompanied by a chain-of-custody
record identifying the contents. The original record will accompany

I the shipment, and a copy will be retained by the field project
coordinator.

Sample Receipt and Sample Log-In Procedures

j Safety Precautions: All samples received should be considered hazardous and
appropriate precautions should be taken when handling

• these samples. Under no circumstances should any
personnel other than the sample custodian or project

1 leader open coolers. If damage or leakage is noted, stay
clear of the coolers and notify the sample custodian or

] - project leader immediately. All samples will be opened
j in a hooded area!

Procedure:

1.0 The project leader will notify the sample custodian in writing of
incoming samples.

2.0 The custodian will receive the samples and deliver them to a hood
located in the analytical laboratory. The procedures described below
will be followed by the sample custodian:

2.1 Examine the shipping container and record the following
information on the project log form (Refer to Figure 1). A
separate project log form is required for each shipping container.

- The presence/absence of custody seal on the shipping container.

- The condition of the custody seal (i.e., intact, not intact).

[DMSOP]
COC3-2



i 2.2 Open the shipping container in a hooded area, remove the enclosed
sample documents, and record the following information on the
project log form.

i - The presence/absence of the chain-of-custody record(s).

J - The presence/absence of airbills and/or bills of lading
documenting shipment of the samples.

2.3 Remove the samples from the container and record the following
) information in the project log form.

- Condition of samples (intact, broken, leaking, cold, etc).

- The presence/absence of sample tags.

- Sample tag numbers. Compare these numbers with the chain-of-
custody record(s) (Figure 3). If sample tag numbers do not
match. Record this fact on both the chain-of-custody record and
project log form and contact the data management supervisor so
that the discrepancy can be resolved.

2.4 Compare the following documents to verify agreement of the
information contained on them.

- Chain-of-custody records.

- Sample tags.

- Airbills or bills of lading.

2.5 Sign the Chain-of-Custody (Figure 3 - #12 and #13), project log
form and airbills.

3.0 Login the samples (refer to the "Chain-of-Custody, Log-In and Tracking
Procedures" SOP Parts 2-7):

3.1 Each sample is assigned a unique sequential laboratory number.
The laboratory number is entered on the chain-of-custody (#15),
sample labels and sample tags.

3.2 The sample custodian will remove the sample tags. All tags will
be placed in sealed envelopes and placed in the appropriate
project file.

4.0 Sample Storage:

4.1 Samples and extracts will be stored in a secure area designated
for strict chain-of-custody samples.

4.2 Damaged samples will be disposed of in an appropriate manner and
the method of disposal documented.

[DMSOP]
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! 4.3 The laboratory and sample storage areas are secure with strict
limited access by only laboratory personnel.

• 4.4 Whenever samples are removed from storage, the removal will be
I documented. All transfers of samples will be documented on the

internal chain-of-custody records. (Refer to Figure 2).

] 4.5 Samples and extracts will be stored after completion of analysis
in accordance with the contract or until sample custodian is
instructed otherwise by the enforcement Project Officer.

« 4.6 The location of stored organic extracts will be recorded.

j 4.7 VGA samples will be stored separately from organic extracts.

4.8 Standards are stored separate from samples.

I 4.9 Samples requiring refrigeration are stored in the walk-in coolers.
I refrigerator. Metal samples are stored in the black cabinets in

log-in. Metal digestates are stored on shelves in the metals lab.

| 5.0 Sample Security:

5.1 Samples will be stored in a secure area.

* 5.2 Access to the laboratory will be through a monitored area. Other
outside-access doors to the laboratory will be kept locked.

j 5.3 Visitors will sign a visitors log (located at the reception area
and will be escorted while in the laboratory area.

j '"'' 5.4 Refrigerators, freezers, and other sample storage areas are secure
1 as they are located within the laboratory.

j 5.5 Only laboratory personnel have access to the laboratory.

5.6 Samples will remain in secure sample storage until removed for
, sample preparation or analysis. All transfers of samples into and
J out of storage will be documented on an internal chain-of-custody

record. An example of an internal chain-of-custody record used
for this procedure is attached. (See Figure 2).

i 5.7 These internal custody records will be maintained in the project
file.

j 5.8 After a sample has been requested from storage by the analyst, the
analyst is responsible for the custody of the samples. Each
analyst must return the samples to the storage area before the end

| of the working day.

[DMSOP]
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Internal Chain-of-Custodv Procedure:

The following procedure for documentation of internal chain-of-custody for
samples requiring continuous custody.

1. Samples requiring refrigeration will be stored in the walk-in coolers
located in the sample entry area. Metal samples are stored in the
black cabinets in log-in. Metals digestates are located in the metals
lab. A list of sample numbers will be maintained by the sample
custodian.

2. Only the laboratory personnel will have access to the walk-ins.

3.

4.

7.

Samples will remain in the designated walk-ins until removed for sample
preparation and/or analysis.

All transfer of samples into or out of the walk-ins will be documented
on an internal chain-of-custody record (see Figure 2). These records
are maintained by the sample custodian.

Once a sample is removed from a walk-in by the sample custodian, he/she
will then give it to the analyst, who is then responsible for the
custody of the sample. Each analyst must return samples to the walk-in
before the end of the working day. Samples are not allowed to sit on
the bench overnight.

The next morning, sample custodian will put samples back in their
proper place on the shelves. Sample custodian is responsible for
signing sample request sheet that samples were returned properly.
remarks will also be noted by the sample custodian.

Any

When sample analyses and necessary quality assurance checks have been
completed by the laboratory or after a 3 month time period whichever is
longer, the unused portion of the samole should be disposed of
properly. All identifying tags, data sheets, and laboratory records
shall be retained as part of the permanent documentation of the
project. Tags and forms are never discarded!

Michael 0. Linskens
Director, Technical Services

Revision Date

9-26-87

8-18-88

Vl \ l/TV\

Kim D. Finner
Laboratory Manager

[DMSOP]
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FIGURE 2

WARZYN SAMPLE REQUEST SHEET

Requested By:
Date/Time Submitted:

I am requesting:

Need Samples By:
Date:
Time:

Project No. Sample No(s) Parameter Matrix Remarks

I am returning: Date/Time:
Pro.iect No. Sample No(s) Remarks
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I CHAIN-OF-CUSTODY, LOG-IN AND TRACKING PROCEDURES

1
j Scope and Application: This procedure is applicable to the log-in of samples

and addresses such areas as: sample custody, log-in,
labeling and preservation of samples. This procedure

j begins as the samples enter the laboratory and follows
' the samples to their destruction.

| Procedure:

1. Chain-of-Custodv Procedure: Samples arriving in the laboratory are
accompanied by some type of custody record. The most common type of

I record is that shown in Figure 1. Follow the instructions below for
' all levels of chain-of-custody.

A. Superfund Level Chain-of-Custodv:

1. Refer to the "Chain-of-Custody - Superfund Level" SOP.

B. Routine Chain-of-Custody:

1. Samples arriving in the laboratory are accompanied by a chain-
of-custody record (refer to Figure 1).

2. Review the custody form with the samples received and see that
the spaces marked #1 - #12 have been accurately completed by
the sampler.

3. Any discrepancies with the chain-of-custody record or the
j samples should be immediately brought to the attention of the

customer service relations person so that the problems can be
. solved in an efficient manner.

' 4. If samples were shipped, note the courier name in the remarks
section (#15) of the chain-of-custody record.

j 5. Record any other comments such as: temperature upon receipt,
preservation (if done in lab), problems, etc, in the remarks
section (#15).

6. Fill in the lab numbers in the section marked #16 (refer to the
log-in portion of this procedure for how to obtain lab
numbers).

7. Sign and date the chain-of-custody record (#13 - #14).

8. Route the custody record to the data management office when
log-in is complete.

[DMSOP]
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NOTE:

2.

A.

•The laboratory is a secured area with strict limited access. Any
samples arriving to the laboratory during "off hours" are stored in the
laboratory refrigerator until they are logged in. Laboratory personnel
are responsible for the care and custody of the samples during the
analysis stage and until the samples are removed from the refrigerator
and properly disposed of.

Log-In Procedure:
Figure 2):

Samples are logged in as follows (Refer to

Sample Information:

Care should be taken to document the condition of samples upon
receipt. Anomalies such as broken or leaking bottles, expired
holding times, improper labeling or preservation, and air bubbles in
VGA vials should be noted on the chain-of-custody. It should also
be noted whether the samples arrived cold.

B. Numbering Samples:

Number the samples on the chain-of-custody form. Record lab numbers
used in the black lab book. If no chain-of-custody form accompanied
the samples, the sampler must be contacted and one must be filled
out. Blank forms are available in the log-in area.

NOTE: - Sample preparation is required if the samples need to be
filtered and/or preserved in the lab.

- If metals are requested, metal digestion is required for
all matrices except filtered groundwaters or private
well.

Sample compositing is required if the lab is instructed
to composite a series of samples received ,nto one
sample for analysis.

C. Subcontracted Work Required:

Refer to the subcontracting SOP for further instructions on
subcontracting samples.

D. Special Accounting Notes:

If there is a discount or a special proposal for the sample analyses to
be charged, record that information on the chain-of-custody.

[DMSOP]
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E. Labeling Bottles:

1. Record the lab number on the sample bottle label and caps using a
water-proof marker.

2. Check that the appropriate preservation and preparation has been
circled.

3. If metals and total hardness are both required, using a red water-
proof marker, place a dot on the bottle cap of that bottle to be
used for those analyses.

F. Preserving Samples:
"-*" ': *

1. Samples which have been preserved in the field must be checked via
pH paper in the laboratory to insure they were preserved to the
correct pH. Check preserved samples as follows:

a. Acid-preserved (HNC>3 or ̂ $04) samples must be preserved to a
pH <2. Using a pH stick, check the pH. If the pH is not <2,
note this on the chain-of-custody, then add additional acid
until a pH is obtained. IT IS CRITICAL THAT THE CORRECT TYPE
OF ACID BE ADDED.

b. Base-preserved NaOH samples must be preserved to a pH > 12.
Using a pH stick, check the pH. If the pH is not > 12, note
this on the chain-of-custody, then add additional ION NaOH
until a pH > 12 is obtained.

' c. Base-preserved NaOH with ZnAc samples must be preserved to a pH
x> > 9. Using a pH stick, check the pH. If the pH is not > 9,

', c--> note this on the chain-of-custody, then add additional ION NaOH
j until a pH > 9 is obtained.

. 2. Samples wh'lch have not been preserved in the field need to be
I preserved in the laboratory. Record any preservation done in the
' lab on the field sheets or custody records. Refer to Figure 3 for

preservation requirements and preserve accordingly. It is
important that samples arrive in appropriate containers (see
Figure 3). If they do not, contact the inorganic/organic
supervisor. They will determine which analyses, if any, can be
run.

3. It is important that samples be received and maintained cold for
most analyses. If a sample was received warm, make note of this
on the field sheet or custody record.

[DMSOP]
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G. Computer Log-In:

Analysis requests are entered into the Laboratory Information
Management System (LIMS). The LIMS database is used for scheduling of
analytical work and to produce accounting invoices. Analysis requests
are entered into the LIMS database as follows:

1. Turn on the computer terminal.

2. Enter: C CHICO (return).

3. Enter: ASCORA (return).

4. Enter: Password (return).

5. At the VMS $ prompt, enter LABMENU (return).

6. Enter: LOGIN (return).

7. Enter: Password (return).

8. The Log-In screen will appear as shown in Figure 2. Using
information on the chain-of-custody, proceed as follows:

a. Enter project number (return). Account number and name will
be filled in automatically. If the information matches the
chain-of-custody, press return.

b. Sample date automatically defaults to yesterday's date. If
this is correct, press return or over ride with correct date.

c. Enter sample identification from station location on the
chain-of-custody and press return.

d. Enter proper matrix number and press return.

e. Desc: This is used if sample identification is longer than
the number of characters in the sample identification field.
(Return to over ride or enter information and return.)

f. Date received automatically defaults to today's date. If
correct, press return or over ride with correct date.

g. Days to process automatically defaults to 14 days. If this is
correct (standard turnaround time) press return or if rush
work, over ride with the number of days until due.

h. Duedate: First date listed is report date, second date is the
lab due date which can be changed if necessary.

[DMSOP]
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i. Comments: Enter special tests or other information needed to
analyze samples correctly and press return.

j. Manager: Filled in automatically; press return if correct or
over ride.

k. Price/Cost: Return if correct or over ride.

1. % Markup/Discount: For accounting. Enter a negative number
for a discount (i.e. -15 for 15%) and a positive number for
markups (i.e. 100 for 2 x price). Check accounting sheets for
projects with special pricing.

m. To enter parameters, press Next Screen (see Figure 2A).

n. Matrix automatically defaults to matrix entered above (return
or override).

o. Enter the proper code name for the test to be run from report
MF01. Use parent codes if applicable for quicker entry.
(Press the down arrow key, return.)

p. To enter address for the report, press Next Screen (see Figure
2B).

q. Type: Report (return).

r. If an address has already been entered and matches the chain-
of-custody press Commit and return.

s. If no address appears, press return until cursor is in the
City field. Type in the city and press return.

t. Type in state (press Commit and return). After city and state
has been entered for the first sample, it will automatically
be copied for the rest of the sample numbers in a single log-
in.

9. To duplicate the entry for another sample on the same chain-of-
custody:

a. If next sample to be entered has all the same information as
the previous sample entered, press Duplicate Record key (F7).

b. Enter sample identification and press Commit key, return.

10. To duplicate only the information in the upper block of the log-
in screen (sample date, matrix etc.):

a. Press Create Record key (Insert Here) and enter sample
identification.

[DMSOP]
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* b. Press Previous Screen (F12) if sample date needs to be
changed.

1
{ c. Press Next Screen, return. Then press Next Screen again to

enter new product codes for the analyses requested.

j d. Press Previous Screen to enter new sample or to quit.

e. Press Clear Form (F17) to enter a new chain-of-custody.

] f. Press Exit/Cancel (PF4) to exit from the log-in screen.

. 1. Press Exit/Cancel to exit from the LIMS system.
2. At the VMS $ prompt, enter LO (return) to log off the VAX

' computer.
3. Enter N (return).

J 13. If in Step 8a. the computer says project number is invalid:

a. Press Exit/Cancel (PF4).

* b. Enter "Y" (return).

c. On the LIMS Main menu, use the up arrow key to position the
cursor on "Seedpak Management". Press Commit key.I

, d. Use the down arrow key to move to project entry. Press Commit
j key.

e. Enter project number (return).

j f. Enter account number (9999) and return.

. g. Enter description for chain of custody (project name).

' h. Enter manager from chain-of-cjstody (i.e. Finner, K).

1 i. Press Exit/Cancel (PF4), twice.

j. At the LIMS main menu, select log-in and press Commit.

J 14. To print daily log-in reports:

a. Print out the appropriate FS02 reports for only the samples

1 logged in that day. The computer printout must be checked
against the custody record or field sheets by the
inorganic/organic supervisors so that any errors can be

• corrected. Print a report as follows:

b. Select "Seedpak Reporting" from the main menu, and press Commit.

1
[DMSOP]
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• c. Select FS02 ?id press Commit.

1 d. Enter today's date, press Commit and return.

e. The inorganic/organic supervisors are responsible for updating
, and printing lab schedules as they require them.

• f. Any "rush" work is to be brought to the inorganic/organic
supervisors' attention immediately.

] 15. Sample Storage:

j a. Proper handling and storage is necessary in order to maintain the
I integrity of the samples. Refer to Figure 3 for storage
' requirements.

} b. Refrigerated Storage:
1

1. Store routine custody samples in the walk-in refrigerator.
. Separate samples by preservative type. Samples with organic
1 analyte requests are stored on a separate shelf in the walk-
• in.

J c. Non-Refrigerated Storage:

1. Metal samples are stored in the log-in area in the
, appropriate cabinets.

• 2. Other samples not requiring refrigeration are stored on the
,#'•*, appropriate shelves next to the walk-in refrigerator.

j ^1 d. Any samples removed for analysis must be put back in the original
location when the analysis is complete.

16. Sample Handling:1
a. Samples are handled in and out of the walk-in coolers and black

1 cabinets by the sample custodian.

b. Analysts are responsible for filling out sample request forms
i (see Figure 4) to request needed samples.

c. Forms are given to the sample custodian.

] d. Sample custodian gathers requested samples and leaves yellow copy
of form with samples, and keeps the white copy.

I e. Analysts return samples to the walk-in accompanied by the yellow
copy of the request form.

I
[DMSOP]
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1

f. Next morning, sample custodian puts samples back in their proper
place on the shelves.

g. Sample custodian signs off on white sheet that samples were
returned. Any remarks are also noted on the white sheet.

17. Storage/Disposal:

Due to limited sample storage facilities available, the following
guidelines have been created for sample storage/disposal. Sample
storage time may be extended upon client's request.

a. One week after the report issue date, inorganic samples which are
in cold storage are to be transferred to warm storage.

b. One month after the report issue date, organic samples which are
in cold storage are to be transferred to warm storage.

c. Samples in warm storage should be disposed of as follows:

Aqueous Samples: Dispose 1 month after report issue date.
Non-Aqueous Samples: Dispose 6 months after report issue date.

Revision Date

08/18/87
Michael 0. Linskens
Director, Technical Services 08/15/88

Kim D. Finner
Laboratory Manager

[DMSOP]
J LOGIN3-8



WARZYN ENGINEERING INC.
ANALYTICAL SERVICES
SAMPLE FLOW DIAGRAM

SHORT-TERM
STORAGE*

SPLIT, COMPOSITE,
LEACH, FILTER,

ELUTRIATE

SOLVENT
EXTRACTION

GC ANALYSIS

.— —

s

a

METAL
DIGESTION

~4/

AA Af!D ICP
r t M f l l V C T C

WET CHEMISTRY
DISTILLATION/
DIGESTION

ROUTINE
WET CEMISTRY
ANALYSIS**

QA/QC
REVIEW \/ REANALYSIS

DATA ENTRY

REPORT GENERATION

SAMPLES
DISPOSED OF

**

***

SHORT TERM STORAGE: WALK-IN REFRIGERATOR FOR SAMPLES REQUIRING
REFRIGERATION, BLACK CABINETS IN SAMPLE LOG-IN AREA FOR SAMPLES
NOT REQUIRING REFRIGERATION, WALK—INS FOR SAMPLES REQUIRING
"SUPERFUND LEVEL CHAIN-OF-CUSTODY".

ROUTINE WET CHEMISTRY ANALYSES INCLUDE BOTH AUTOMATED AND MANUAL
TESTS.

LONG TERM STORAGE: NON-REFRIGERATED STORAGE IS LOCATED IN THE
FIELD STORAGE ROOM.
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: FIGURE 1

CHAIN OF CUSTODY RECORD

iKj Inc.
One Science Couit

University Rtitjich Park
P.O. Bo< 53B5

Madison. Wisconsin 5 3 70S
| 273-CH40

PRO). NO. PROJECT NAME if 2

T.OC.'.TTON:
02 a lso

SAMPLERS:

#16
LAONO. DATE

#4
TIME

#7
STATION LOCATION

NO.

Cl

CON-

TAINERS

//o

REMARKS

Relinquished by: / l i m e

#11

l\cCi:ivi!il l iy : KclinquishuJ liy: Data / Time Received tiy: (Signtturt)

Dale / Timt Ruioived l>y: Kelinqnished Ijy: Dale / Time Received by:

Relinquished by: Dale / Time Received for laboratory by: (Signature!

#13

Dale / Time

Remarks

//I 5 PRCUZiCT MANAGER; #12



FIGURE 2

i + Login/Order Entry
[Project #: STANDARD Acct:

Sample #: Sample Date: Sample ID:
Matrix: Desc:

Received: TC-FFEF9U D~ays to Process! 14 Uue Uate:
Comments: Manager:

Order: on I4-J-QP5TO Price/Cost: 0 TD~
Login: % Markup/Discount: 0"

Matrix Product Type Price Cost Hold date PList

Char Mode: Keplace Pagel Count: *0



FIGURE 2A

[Project #: 6081

Sample #: 496-
Matrix: 1 G

Received: 3T-J
Comments:

Order: 619
Login: 496

Matrix
1 GroundH20
1
1
1
1
1
1
1
1
1

GroundH20
GroundH20
GroundH20
GroundH20
GroundHZO
GroundH20
GroundH20
GroundH20
GroundH20

8.00
LUUIII/UIUCI C.II

Acct:9999
LIJT

GPC-576

003 Sample Date: 28-JAN-90 Sample ID:
rounoTf20 Desc:
AN-90 Days to Process:

on 31-JAN-90

Product
AG
AS
BA
CD
CR
DlGAbbL
HG
PB
SDh
Sb

%

Type
O

s
5
b
S
S
S
s
s
s

14

Pi
Markup/

Price
12
25
12
12
12
0
32
22
10
2b

Due Date:
Manager:

"ice/Cost:
^Discount:

Cost
0
0
0
0
0
0
0
0
0
0

MW-3

14-I-LB-90 12-N
CLARK, J
312 /O
0

Hold date
12-FEB-90
12-FEB-90

lZ-hhB-90
12-FEB-90

Zb-htB-90
12-FEB-90

12-htB-yO

1

IB-90

PList
S
S
S
S
S
S
S
S
S
S

v thar Mode: ReplacePage l C o u n t : I



FIGURE 2B

REPORT
#
1

Type

Type

Sample Addresses for 496-003_

Name:
Addr 1:
Addr 2:

City:
State/IIP:

Phone:

Name:
Addr 1:
Addr 2:

City:
State/ZIP:

Phone:

Name:
Addr 1:
Addr 2:

City:
State/ZIP:

Pnone:

ROSEVILTL
MN

Thar Mode: Replace Page Z Count:
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SAMI-LI OJlUCilori AH:I n;csCRVAI|v[ RCQUIRlwtMS

CunUinrr. (

P.r.
r.r.
f.G
p
P.G
r.c
r.r.
r.G
P.G
P.C
r.r,
r.c
r.G
r.c
r.c
r.c
r.c
P.G
r.G
G
P.G
G
r.G
r.G
P
r.G
r.G
r.G
r.C-
r.G
r.G
r.G
F.G

r.G
P.'
Anr>er Gless
r,r.

P.G
r.r,

;i;c in •!.:)

(M
(ft)
( inoo)
(ft)
(ft)
CD
(ii)
(ft)
(ft)
(IOOO)
(iOOO)

(ft)
(C)
(u)
(b)
(A)
(E)
(fi)
(1(100)
<A)
(100J
(ft)
("i
(A)
(n,1
(1000)
(D)
(D)
(V
(A)

(ft)
(500)

(IOOO)
(SCO)
U)
(ft)

(ft)
(C)

Preservation

Cool. <*C
Cool. «'C
Cool. <-C
Cool. 4-c
None Required
Cool. 4«c. HzSO/i lo pH<2
Cool. «*C. H2504 to PH<2
Konc Required
None Required
Cool. «'C. KaOH to pK>12 (I)
Cool. «'C. t;*OH to pH>12 (I)
Cool. «'C
Hone Required
HNOj to pH<2
cool, 4-c. H-soc. tc PH-;:
Cool. 4-C. h:S04 to pH<2
Cool. <*C
Cool, «'C. H-SOt to pH<2
cooi, «•:. h2sc< 10 pH<;
Cooi. «•:. J-:zso< ic pn<2
None Reci.'ircr:
Cool. <'C, h-SOc to ph\'2
Fi l ter inafdiateiv. Cooi <*C

Cool. «'C. H^SOj le pH(:
Cool, *•:
cooi. «•:
Cool. «'C
cool, «•:
cool, <•:
Cuol , «'C
Cool, «*C
Cool. <*C
Cool. <*C. *dd 2 n'.. 2l< 7inc

acetate/1000 nL plus
ti.tOH lo p!l>9

Cool. «'C
fool. I'C
Cool. ''C
Cool, 1*C '

Cool. «*C
HflOj lo i-HCt

Ka Jt i mum
Hsldin^ Time

1< days
1< days
<E hours

25 days
26 days
?B days
2fi days
Analyze Intnedialcly
it days (1)
1« days (I)

2! day:
6 months

2E dav:
2£ days
45 hours
26 day:
25 days
2E deys
Ar.alyre Jnm-diatcly
2£ days
«f- hours
2£ days
rt Cay:

~ day:
<f hours

7 days
7 days
" days

26 days
2E days

7 days

<B hours

it days
«£ hours

2'. hours
1" day; in p last ic .

(C) IIW>3 to pH<J
2E days in glass
fi Months

VOC vial
Anoer glass
An!>er

A»Uer
Ai»L>er
Amoer
Amber
Anbcr
Amber

glass
glass
ciass
glass
pl.iss
gUss

(2 ea. 40) Cool.
(H) Cool .
(H)
(H)
(H)
(H)
(M)
W

Cool.
Cool.
Cool.
Cool.
Cool.
Cooi .

•

•
•
•
•
•
•

C
C
fI

c
c
r
;
C

(J)
(K)
(L)
(U

(K), Store fr Dark
Store in Dark

1- davs
7 davs
7 days
7 davs
^ djys
7 days
7 davs
7 day:

(J)
(0)
(0)
(0)
(0)
(0)
(0
(0)

S'sss (») Cooi. 'C j davs (0)

VOC v i a l (?. e,i. 40) Cool, «'C
Amber ql.iss (H) Cool, <'C
Arcber gloss (II) Cool. *\t

V01 v i a l (? ea, 10) Cool. VC
AraL'cr gUss (M) Cool, «'C
AnUcr gloss (II) Cool. «'C

r.c

r.c

r,r,
VOC vi.il
r.
p.r.

(Z50)
(i g.ii

to PH<?
lo pn<?

(r) Cool. 4-c (f)
(f) Cooi. vc (r)

6 Months
6 nontn;

C hours
6 hours

(G) Cool. *'C
(110) (ii) r.«i. 4-c
(u oj) n«oi. 4'c
(H n:) fool. i'C
(l: <>*) C'~il' I'C
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Notes

(A) 1-3 Analyses; 250 ml required
4-7 Analyses; 500 ml required
>S Analyses; 1000 mL required

(B) 1-3 Analyses; 250 mL required
4-7 Analyses; 500 mL required

(C) The metals selenium, arsenic, silver, mercury and hardness require
additional volume. Use the following bottle scenario;
- One 250 ml bottle for all metals excluding above
- One 250 ml bottle for all metals plus two of the above analytes (except
mercury). If mercury is required, an additional 250 mL is required.
Label bottle for mercury analyses.

- One 500 ml bottle for all metals, including all five of the above
analytes. Two 250 mL bottles may be used instead.

(D) Dissolved solids require 100 mL of sample. This volume can be included
in the (A) unpreserved bottle.
The volume required for suspended, total and volatile solids depends on
the nature of the sample. Dirty samples require 100-250 mL, clean
require 1000 mL. Sample accordingly.

(E) Collect sample in either a 250 mL amber bottle with inverted cap or 250
or 500 mL amber bottle with teflon septa. Collect with no headspace.

(F) Collect 250 mL :tsing either sterilized Whirl-Pak bag or nalgene bottle.
Collect in Whirl-Pak bags with sodium thiosulfate (Na2S203) additive if
the sample is chlorinated.

(G) Collect the sample in a 1-liter wide-mouth jar. Collect at least 5CC
grams for analysis.

(H) Volatile orgar.ics may also be collected using two 40-mL VOC vials.

(I) Add 0.6 g ascorbic acid if residual chlorine is present.
Maximum holding time is 24 hours when sulfide is present. Optionally all
samples may be tested with lead acetate paper before pH adjustments in
order to determine if sulfide is present. If sulfide is present, remove
by the addition of cadmium nitrate powder until a negative spot test is
obtained. The sample is then filtered and NaOH is added to pH >12.

(J) Preserve chlorinated samples with 1 crystal of sodium thiosulfate
(̂ $203) per vial.
Samples can be either preserved with 1:1 HCl or left unpreserved.
Samples receiving no pH adjustment must be analyzed within 7 days of
sampling.
Samples that contain hydrocarbons (samples from gasoline or fuel oil

-• contaminated sources) must be preserved with 1 drop of 1:1 hydrochloric
acid (HCl).
If either acrolein and acrylonitrile are to be analyzed, the pH should be
adjusted to 4-5 with 1:1 hydrochloric acid (HCl). Samples receiving no
pH adjustment must be analyzed within 3 days of sampling.
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(K) Add 0.0085 sodium thiosulfate (Na2$203) if residual chlorine is present.

(L) Adjust pH to 5-9 with sulfuric acid (H2S04). The pH adjustment may be
I performed upon receipt at the laboratory and may be omitted if the
I samples are extracted within 72 hours of collection. For the analysis of

Aldrin, add 0.008% sodium thiosulfate (Na2S203) to the sample.

(M) Collect two (2) 1000 mL amber glass bottles with teflon-lined caps per
1 analysis.

: (N) Collect two (2) 80 02 amber glass bottles with teflon-lined caps for one
• or both analyses listed. Alternatively, four (4) 1-liter amber bottles

with teflon-lined caps may be used.
I
i (0) The holding time is 7 days until extraction, 40 days after extraction.

i EJH/cac
: [cac-700-S3A]

i



FIGURE 4
WARZYN SAMPLE REQUEST SHEET

Requested By:
Need Samples By:
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tted: Time:

;ting:
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Project No. Sample No(s) Remarks
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' Production Planning & Control SOP 1.1: Logging In Samples

The following steps are completed for all samples as they are received by
<
I CoopuChem Laboratories. (If for any reason a sample requires special handling

upon receipt, the Manager of Production Planning and Control is consulted for

' directions as to the proper handling and documentation of the samples.)

• .... * Before opening and while inspecting each sample, each employee is
i required to wear protective clothing (lab coat and gloves). These

^ items need to be worn at all times when in the marked areas (blue
] line).
i

* Inspect each sample container before opening, making sure that it has
not been damaged or opened during shipment. For those clients using

! padlocks, sealing tape, or custody seals, inspect these items to make
: sure that they are intact and record this observation on the chain-of-

custody form (see Example 1, at the end of this SOP). If the custody
: seals, tapes, or padlocks are broken, contact Customer Service (for
• commercial samples) or the Sample Mangement Office (for EPA samples)

for permission to continue processing the sample.
t

j * . Each container is opened under the hood and checked for breakage.
Check for the condition of the refrigerant (whether any ice remains or

, ':••'•.••• whether the cooling packs are solid) and obtain the temperature of a
; ' " representative sample (liquid samples only) by immersing a clean ther

mometer in the sample. Record the temperature on the Sample Record
(see Example 2, at the end of this SOP).

i
.' * The temperature and pH are recorded on the log sheet. See Ex. 1 and 2

lab notices if a variance occurs.
*
j

j * Receiving personnel must sign and date all chain-of-custody docuren-
tation upon sample receipt and record any discrepancies (sample matrix,

, for instance) on the chain-of-custody form.
i1 * The Supervisor of Sample Receiving must verify that the Receiving Clerk

has signed and dated the chain-of-custody form.

' * When a CompuChem SampleSaver® is received, record this receipt (on the
file card) in the CLMS and insert the file card (contained in the
SampleSaver®) into the file-card storage box, according to the date

• received.
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j * Remove samples from the shipping container and compare the sample iden-
tification information on the sample bottles to the sample information on
the traffic sheets, packing lists, and chain-of-custody form included in

I the container (see Examples 3A and 3B, at the end of this SOP). If discre-
i pancies exist, note the problem on the chain-of-custody form and notify

Customer Service (for commercial samples) or SMO (for EPA samples).

Each water VOA is checked for air bubbles and headspace, and noted on the
chain-of-custody form.

On each complete and correct EPA Chain of Custody and Traffic Report
the statement 'Received in Good Condition1 is written or stamped, ini-
tialed and dated by the receiving individual.

* On each complete and correct Commercial Chain-of-Custody the statement
'Received in Good Condition' is written or stamped, initialed ar.d dated

j by the receiving individual.

, 'Received in Good Condition' is intended to indicate that the Se-ple or
I samples were received intact with all associated sample tags (if
* applicable), custody seals (if applicable), pH for inorganics, and

corresponding documentation in order. If there are any discrepancies
' in the documentation or other problems (such as breakage of the con-

-i tainers or chain of custody seals), the exceptions are noted on the

'. appropriate documents, initialed and dated.

* The statement 'Received in Good Condition' does not, however, include
, sample temperature since EPA samples are generally received at tem-
j peratures above the recommended 4°C. The temperature is noted on

the sample Log-In Sheets and the gray envelope.

I * Check incoming samples against SMO scheduled receipts (for EPA
j samples).

i * Log the sample in on the Accessioning Log, noting the following items:

Case number Temperature

CompuChem sample ID Client name or order number

Receiving date (RD) Sampling date (SO)

1 Analysis codes Matrix

Volume received pH (Inorganics Samples Only, see PP&C SO? 3.1)
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i * For EPA samples, enter the samples' account data into the marketing
section of the CLMS in order to generate the order number and asso-
ciated requisition numbers. For commercial samples, contact customer

, service to check for the existence of the order. Then complete the
order in the CLMS, and complete the EPA Scheduling Log (Example 4, at

1 the end of this SOP).

• * Enter sample into sample receipt portion of CLMS in order to generate a
1 CompuChem number for each sample. Fill in the CompuChem number on the

accessioning log sheet (this completes the log sheet).

* A CompuChem label is generated in numerical sequence.

* Label samples with the CompuChem number by wrapping each sample bottle
with its computer - generated CompuChem sample label. Sample labels

1 are color coded, and are to be rotated with a different color every 2
week period by the Supervisor of Receiving or the Supervisor

1 designee.

* Each log sheet is reviewed by the Supervisor of Environmental Receiving
to ensure information is documented. After review each log sheet is
stamped as reviewed and initialed and dated.

* Transfer the labelled samples to the secure, locked walk-in cooler
j facility.

,..:, * The CompuChem number is listed on the original Chain-of-Custody next to
] <.V the associated client ID when possible.
J

* Access the Quiz portion of the CLMS to produce the worksheets for EPA

1 sample analyses. For EPA samples the system will generate volatile,
semi-volatile, and pesticide worksheets. For commercial and inorganic
samples, pull the appropriate worksheets from the worksheet files; the
analysis codes for these samples should have -been included with the

J packing information ard confirmed with customer service. N:ie t'r.e
' following destinations for the various worksheets:

] Pesticide/Herbicide Worksheets: GC Lab Volatiles that do not
j require compositing: GC/MS Lab Inorganics: Inorganics

Preparation Lab Volatiles requiring compositing, all EPA volati-
i les, acid/base-neutrals (commercial), semi-volatiles (EPA), and
j commercial TCDO's: Production Planning and Control for sche-

duling.
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: * To produce EPA quality control worksheets for the QC samples associated
A • with a batch of samples, access the EPA Water or EPA Solid programs of

Quiz in the CLMS and enter the samples' CompuChem Numbers; copy these
i worksheets on green paper. To assemble commercial QC worksheets, pull
i the appropriate green fraction worksheets from the trays in the

Shipping and Receiving area. Separate QC Sample Records are used to
j document the analysis of the QC samples associated with a particular
! batch. These are printed after the entry of sample numbers into the

system and are put into green QC folders for Report Integration.
Included in the commercial folder are the Sample Record (generated by

| the CLMS), a copy of the order form, and, if necessary a copy of the
• Chain-of-Custody Record.

' * Assemble commercial file folders for Report Integration; include
• in the production sample's folder the Sample Record, Customer Sample

Information Sheet and Chain-of-Custody Record; in the green quality-
j control folder include the QC Sample Record, which also goes to Report

Integration.
A

* Assemble EPA file folders for Report Integration; EPA only has the
1 Sample Record in the file folder. A gray envelope contains all
• materials for the case including: yellow copy of the OTR (Organic

Traffic Report), Chain-Of-Custody, original air-bill, a copy of the Log
| Sheet (also called Accessioning Report), a copy of the EPA scheduling
i Log (see Example 4A, at the end of this SOP), Custody Tags (if received)

,;;,, and a grey envelop contents sheet (See 4b). The white copy of the OTR
• ^? is returned with a cover sheet to the EPA/SMO (Sample Management Office)

(See Attachments 4c and 4d). The original EPA Scheduling Log is put in
the EPA Book (kept in the Receiving area).

I * If problems arise concerning received samples, contact Custor.er Service
(for commercial samples) or the Technical Management Staff (for EPA
samples).

1
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LABORATORY NOTICE

CompuChen f <

Sample ID __-_

Case f '

Type of Analysis •_

Receipt Date _

S The pH reading for the sample listed above was _ , the required pH
level is .

!
j The Client was contacted by a member of CorapuChem's Environmental Marketing
Department. The Environmental Receiving Department was instructed to:

*

• Preserve In-House by Inorganics Prep Lab
\

, Analyze As Received, and Qualify with this Notice

Dispose - Client will resample

Subcontract Lab to Preserve

Supervisor Signature

; Date
\



. ... . LABOMTORI

CompuChexa t

Sanple ID

Case #

Sample Type

Receipt Date

The required temperature for Environmental samples requiring Organic/Inorganic
Analysis is iiC(4/-2C). The temperature of the £&nple listed above was

* The Client was contacted by a aember of CorepuCbera's Environmental Marketing
Department. The Environmental Receiving Departnent was instructed to:

1 Analyze As Received,'and Qualify with this Notice

i _ Dispose - Client will res&mple

Supervisor Signature

Date



1QXNO.

.MO, DATt TMM i tTATK>M LOCATION

CON-
TAIMCRS

MtMAMKS

•o

for Laboratory by: DM* /Tim*
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* Example 2
i

< Sample Record
t . __ _• — _ _ _ _ _

Requisition Number: CompuChem Number:
. Case: Account Number:
* Turnaround: Priority: Due:
1 Analysis Codes:

j Lab Instructions

Data

Sample Identification: SS Code:
; 5S Number: Receiving Codes:
' Date Received: Time:

Receiving Information:
Containers Received:

1 • Matrix: Temp: Sampling Date(s):

j

Deliverables Code:
!

1

' L_ab^ Re^un*eme_nts_

; Laboratory Repeat
] Completion D=:=

Date

Company Name:



Example 2 (Cont.)

Requisition Number:
Case:

FOOTNOTES:

Section No. 1.1
Revision No. 5
Date: Kay 1, 1989
Page 9 of 17

Sample Record

CompuChem Number:
Account Number:

Applicable QA Notices:

Company Name:



COPUDCM LAKRATCklES

t ] CKUNIC
I ] ItCRUNIC

CglVItt &wt for:

Cise I:

Cue ID:

of

Order I:

•: Region t: TAT:

Delivered By:

Tags: [YES] [»)

Chain of Custody:

Fr«ljfit Bill «:

| OUCKTS/RDmS
1
1

OH
1

021
1

^1
1

W|

1
051

1
061

1
071

1
08|

1
091

1
101

1
111

1
«|

1
121
I

13!

1
151

1
161

1
171

1
181
I

191
1

20!

SUFII ID CCl SO AHCYSIS
COX

IUTR1X VQLUC RO C/pH

Lcgjed In By:

Received By:

Ravlened By:
(Slgnatxe)

(SlgratJ-e)



Date Sejplfts Received »t Liioritory _

Client _ ; _ Order i

UTCase ID:

In By:

Received By.

Ovln of CUBtoC/ (Yes) or (re)

KTS:

Freljnt BUI i SOxmtrict i

« 1
I

01

02

03

CM

06

ce

07

03

OS

10

11

12

13

14

15

16

17

18

19

CO^CKIS

R£UttXS

•

RiC SJW\E ID IX « SO P« l«9

I
1

I

to lysis
Code

fe'.rlr Volire

*

1
1 1
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] Example 3A

i
\ COMPUCHEM LABORATORIES

* date shipped date received
to consignee:_ from consignee:

i "™*̂ —̂—-̂ —̂̂ -̂

>
j number of sample:

-, consignee name:

' address:

DO NOT REMOVE: FOR COMPUCHEM USE ONLY
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t

Example 3B

PLEASE NOTE THAT ANY AND ALL PRESERVATIVE(S) ARE TO
BE ADDED BY THE CUSTOMER AT THE TIME OF SAMPLE COLLECTION

At the end of the sampling period, it is vital to ship the sample via express
transportation. To insure proper follow-up and pronpt analysis, please call
1/800-334-E525 -and provide us with the following information:

1. Date Shipped
2. Time Shipped
3. Freight Carrier
4. Freight Bill of Lading Number

Sampling Period

From:

Date

Time

To:

Date

Time

1
Company

i
* Address

City & State Zip Code

Sample Name/Number

1
Return this form in the envelope provided and return with the SAMPLESAVER.

I Thank you.
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(DATE)

CASE NUMBER:
REGION:
DELIVERABLES CODE:
ACCOUNT t:

NEW CASE: OLD CASE: COMPLETED CASE
ESTIMATED SHIPPING DATE:

TURN-ARGUND-TIME:
TONTRACT #: PRICE CODE:

QUAN71T?'EXPECTED:

CONCENTRATION: LOW

: WATERS ORDER I:
": SEDIMENTS/SOILS
": EXTRACTS
": DIOXINS AIRBILL I:

MEDIUM HIGH

DATE SHIPMENT RECEIVED:
QUANTITY RECEIVED:

CONCENTRATION: LOW

TEMPERATURE:
WATERS
SEDIMENTS/SOILS
EXTRACTS
DIOXINS

: MEDIUM

TAGS: YES/NO

HIGH

PROBLEMS/COMMENTS:

SMO CONTACTED AT (TIME):
RESOLUTION FROM SMO:

SPOKE TO:
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EXAMPLE 43
| • DATE:
i CONTENTS FOR GRAY ENVELOPES

EPA: [ ] ORGANIC CASE COMMERCIAL: [ ]
• [ 3 INORGANIC CASE CLIENT
1 [ ] DIOXIN CASE

CASE*: ORDER*:
NO. Or TRAFFIC REPORTS:

Y£
1. C
2. [
3. [
4. [
5. [
6. C
7. [
8. [
9. [
10. [
11. C
12. [

;s
3
3
3
3
3
3
3
3
3
3
3
3

NC

C
[
[
[
[
[
[
[
[
C
C

) N;

3
3 •
3
3 [
3 C
3 [
3 [
3 [
3 C
3 [
3 [
3 [

/A

3
3
3
3
3
3
3
3
3

ITEM COMMENTS
CHAIN-OF-CUSTODY
AIRBILL
DAILY LOG SHEET
TRAFFIC REPORT (EPA)
SHIPMENT RECORD (EPA)
TAGS
DAILY pH CHECK SHEET
SMO COVER LETTER
EPA SCHEDULING LOG
COMMERCIAL SCHED. LOG
SIS (I - )

COMMENTS:

SIGSATURES/INITALS DATE
SAMPLE RECEIPT/SCHEDULING:
QA SECTION (IF REQUIRED):
DOCWENTATION CONTROL: .



I

T

i DATE:

Dear Linda,

Enclosed are the SMO and/or Regional copies of the Organic Traffic
Reports (OTR) for Case * _ ,
received by CompuChem Laboratories on

If you should have any problems or question concerning this package,
please do not hesitate to contact Richard Bloom at extension 1215,
or myself at 1219/220.

Thank you,

Natalie Carter

Additional Comments:
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1 Jocumentet Jon Form For:

Revising or Greeting Standard Operating Procedures (SOPs) ; Including Designated
Personnel Responsib i l i t ies

Revised Procedure

3 T>,
Lr—^

New Procedure

,Jf .̂\
Procedure Attached

and SOP*
CT I

i tie Of.Procedure Effective Date

Read,-Understood, and Approved By
oratory Station Manager

\i >ce'ure Read, Understood, and Approved By
Irector, Quality Assurance

Date

£-7-7?
•ocedure By Date

» These procedures describe how tasks ere performed In this specific area.
'*& question arises concerning the proper procedure to follow for en activity
\ this area, these SOPs should be consulted to resolve the question. Also,
.1 ;e SOPs are a valuable source of material for training purposes.

the manager of this area believes the person responsible for these
rt-s-.-;-jS mestered these SOPs, both the manager end the employee should sign and
1 +vls form, assuring that these SOPs ere understood and w i l l be followed In
e d _.y operations of CompuChem Laboratories. Please forward a copy of this
•'Ised or created SOP and a completed form to Quality Assurance.

A 4-
i "-^ Date:i Employee's name:

\ Er^loyee's title:
i

Employee's name:
*
| Employee's title:

T Employee ' s name:

Employee's t i t l e :

\ Manager ' s name:

Ksncger's t i t le :

Date:

Date:

Date:
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i

I Production Planning and Control SOP 2.0; The Extraction Worksheet (Sample
* Custodian)

| The Extraction Worksheet records Information concerning the sample prepara-
t

tion processes (an example of this form and an explanation of Its completion are

contained in Sample Preparation SOP number 2.3.). The Sample Custodian uses

this sheet to p u l l and check extracted samples. For the sample to leave the

extraction lab, the Custodian must complete the following checks:

* Comparison of CompuChem sample numbers appearing on worksheet to those on
extract vials;

* Match the preparation code on the worksheet to the code on the sample;

* Check for the initiation and completion date on the worksheet;

} * Check for the listing of a blank associated with the samples listed on
the worksheet;

* If a Quality Control Duplicate or Sample Spike is listed on the
j worksheet, check for the CompuChem number of the Duplicate's or Spike's

original;
r

* Check the Extraction Worksheet for the sample's original volume/weight
and for the extract's volume/weight;

! * Check the volume of the extract v i a l against the volume indicated on the
i worksheet.

' Once these checks are completed, the Sample Custodian stores samples properly

and securely in the reach-in refrigerator. The Custodian then makes a copy of

the worksheet, gi v i n g the copy to the Scheduling Control Clerk and the original

to the Extraction Lab Supervisor.
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Page 2 of 2
!
i

I n i t i a l Documentation for SOPs: Including Designated Personnel Responsibilities

1 This Standard Operating Procedure, Production Planning and Control, number
1.7 through 2.0, was written from an Interview conducted by W i l l i a m J. Gargan

• with Bernard with Ann Marie Flaherty during the period from December 17, 1984
1 to January 21, 1985. The Director of Quality Assurance and the Manager,

Production Planning and Control, have read and approved this procedure.
I
r
i

SOPs approved by: Date:
j Director of Quality Assurance

1 ~ SOPs approved by: l̂ cĵ o—Jt ̂  ft£oe/s~ Date: 7/
Manager, Production Planning and Control

| These procedures describe how tasks are performed in the Production Planning
' and Control area. If a question arises concerning the proper procedure to follow

for an activity In this area, these SOPs should be consulted to resolve the ques-
tion. Also, these SOPs are a valuable source of material for training purposes.

After the manager of this area believes the person responsible for these
tasks has mastered these SOPs, both the manager and the employee should sign and

t date this form, assuring that these SOPs are understood and w i l l be followed in
the daily operations of CompuChem Laboratories. Please forward a copy of this

-,signed and dated form to Quality Assurance.
i
i

Employee's name: Date:.

! Employee's title:

Employee's name: Date:

Employee's title:

Employee's name: Date:

Employee's title:
?

i Manager's name: Date:

Manager's title:
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i
'*

Production Plannl ng and Control SOP 2.9: ' Document Control
~»

i The Document Control Clerk is responsible for maintaining an inventory of

completed EPA and commercial folders. From this inventory the Control Clerk is

« often asked to p u l l Cases and folders for data inquiries. In addition, the

'• Clerk stores the documentation of completed samples in the local warehouses used
i

by CompuChem Laboratories and ships completed EPA Cases to the EPA warehouse in

! .akewood, Colorado. In performing these duties, the Clerk does well to remember

•that the documents relation to a completed sample are sometimes needed in legal

_• proceedings or when clients which to make inquiries about a Final Report.

xj Therefore, the a b i l i t y to produce report results and data when requested is of
t

the utmost importance of CompuChem and its clients.

• Inventorying Sample Folders

When the Document Control Clerk receives completed EPA Case folders from

Report Integration, he or she checks the covering Chai n-of-Custody for release
A
'of EPA Case fcr Document Inventory Form (Example 6, at the end of SOP) against

the folders with which it arrives. Each pair of CompuChem and EPA Numbers

should correspond to a sample folder. A completed EPA Case should contain the

f ol low! ng items :

* Receiving Documents

* Sample Data Folders (may include duplicate sample spikes)

* QC Case Summary Report

* Standards Package (per contract Deliverables Index)

* Raw QC Data (per contract Deliverables Index)

* Document Inventory Control Summa'y Form

* Chain-of-Custody For Release of EPA Case for Document Inventory Form
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The receipt of the Case Is also recorded in the Document Control Log. The Clerk

then transfers possesion of the folders to Turner Components for pagination.

Page numbers In each case, except for the receiving documents (which Inludes the

Sample Data Folders, the OC Case Summary, the Standards Package, and the Raw OC

Data), begin with page numer six and continue to the end of the document. The

receiving documents (consisting of five previously mentioned sections) are not

numbered but are Identified by quantity per section. To document this con-

veyance the Chain-of-Custody form is signed and data by the Clerk and a repre-

sentative of Turner Components. An entry of this transaction is also made in

the Control Log.

When the EPA folders return frore Turner Components (the Chain-of-Custody

Form is again signed and dated), the Control Clerk checks the palnation andr.akes

sure that the folders are complete; a Document Inventroy Control Summary Form

(Example 7, at the end of this SOP) if f i l l e d out to record this check and the

log is updated. Then EPA Cases are taken by the clerk to the Jiffy Warehouses

— for temporary storage (this, too, Is recorded In the log).

One hundred and twenty days after n a i l i n g of the Case Report, an EPA Cese

is sent via UPS to the EPA warehouse. Before sending the cases to EPA, the

clerk once again checks the pagination end completeness of the folders and Tnen

includes, for shipping, a copy of the Inventory Summary Form. The UPS receipt

is kept at CompuChem. Copies of this paperwork are kept In the UPS Record Book.

Again, the Control Log records this step of the inventory.

When the EPA receives the case, they send back a copy of the Inventory

Summary Form with a receiving signature; this is f i l e d by Case Number in the EPA

Warehouse Notebook.
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Since commercial documentation is stored by CompuChem for possible Data

i Inquiries, less record keeping Is required for Its storage. The Control Clerk

] keeps a separate log for commercial storage, noting when and where commercial
i

samples are stored.
*

1 Stor i ng Documents

The Document Control Clerk is responsible for the orderly storage of sample

documents in the' warehouses used by CompuChem. EPA Cases are kept in boxes

having the EPA Case Number on them; commercial samples are boxed in production,

QC Blank, and QC spike/duplicate containers. The Clerk keeps separate logs for

EPA Case storage and commercial storage, noting the Case or samples contained in
•

' ': each box. Commercial folders are stored in either the J i f f y Warehouse (these
i

are more recent samples) or in the C i 0 Warehouse; a log is kept for each of

j these warehouses. EPA Cases, except for very old data, are stored in the J i f f y
j

,.T . Warehouse.

Data Inquir ies

| A Data Inquiries Form (Example 8, at the end of this SOP) notifies the

» Document Control Clerk of the need to p u l l samples or Cases form storage. The
}
-' form lists the Case or samples requested and records, among other things, the

pull-date and r e f i l i n g data for the folder requested. If an EPA case is being

paginated when a request comes in, the clerk relays this information to the per-
t
\ son who made the request and sends the requested folders to this person once

they return. After p u l l i n g a folder, the Control Clerk dates and signs the

Inquiry Form, keeping three copies (white, pink, and light yellow) in the Cases
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and Folders Pulled notebook end gives the dark yellow copy to the person making

the request. After a folder or sample has returned from a data inquiry, copies

cf the Data Inquiry Forms are kept in the "Cases and Folders Pulled" record

book.
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4

4

1

i

i

*

i

j
•

j
•

1
. i

j

T

,!
i

Example 6

CHAIN-OF-CUSTODY FOR

1,

TO

ARE AS LISTED:

1. RECEIVING DOCUMENTS

2. CASE SUMMARY

3. STANDARDS

4. RAW QC DATA

EPA t CC

5.

6.

7.

8.

9.

10.

11.

12.

13.

14.

15.

16.

17.

18.

1,

DOCUMENTS ON

1,

RELEASE OF EPA CASE FOR DOCUMENT INVENTORY

, RELEASE CONTENTS OF EPA CASE #

ON . CONTENTS Of THIS CASE

# EPA f CC #

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

, RECEIVED INTO MY CUSTODY THE ASOYE LISTED

%

, AFTER COMPLETING THE DXUMENT INVENTS CONTROL

REQUIREMENTS AS STATED IN COMPU:HEM'S STANDARD OPERATING PRXEDURES, RELEASE THE

ABOVE LISTED DXUMENTS TO ON

1.

DXUMENTS.

, RECEIVED INTO MY CUSTODY THE ABOVE LISTED
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Example 7

Quantity
Quantity
Quantity
Quantity
Quantity

Figure 1

DOCUMENT INVENTORY CONTROL SUMMARY FORM

I. Receiving Documents

a. Chain-of-Custody Records
b. Organic Trlffic Reports
c. Sample Tags
d. Shipping Records
e. Sample Receipt Logbook Page(s)

(Quantity

Pages

It. Sample Data Folder (Includes Duplicate Sample Spikes)

a. Sample Record
b. Data Report (If applicable)
c. Volatile Fraction (if required)
d. Semi-Volatile Fraction (if required)
e. Pesticide Fraction (if required)
f. Miscellaneous Correspondence/Memos (if applicable)
g. Manual Worksheets GC Chromatograms (if required)

(Quantity

Pages

I I I . QC Case Summary Report

a. Case Summary Tracking Form
b. QC Cross Reference
c. Case Summary Narrative
d. Quality Control Notices
e. Surrogate Recovery Forms
f. Reagent Blank Summary Forms
g. Matrix Spike/Duplicate Recovery Forms
h. ErB and DFTPP Tune and Performance Fcr-s
I. DeIi verabIes Check Ii st

(Quantity IV. Standards Package (per Contract Deliverables Index)*

a. Detection Limit Study
b. Case Summary Reference Guide
c. Chromatogram(s)
d. Quantitation Report(s)
e. Instrument Run Log
f. SPCC/CCC Calibration Standards Forms

Pages

•Sequence repeated for each fraction, as required.
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7
\
*

Examp I e 7 ( Cent . )
f

Figure \ - DOCUMENT CONTROL SUMMARY FORM

1
i g. Internal Standard Response Verification Report

h. I n i t i a l Calibration Data
i 5. Calibration Check Data
!
i

(Quantity _ ) V. Raw PC Data (per Contract Deliverables Index)*

1 a. Spectrum
b. M/Z Listing

' c. Blank Raw Data
i Pages _ - _ • Tentative ID List

. Chrofnatogram(s)/Quantltation Report
d. Duplicate Spike Raw Data

: . Tentative ID List
. Chromatogram(s)/Quantitiation Report

e. GC Screen Data Sheets

*Sequence repeated for each fraction, as required.



Example 8

DATE
REQUESTED:

COMMERCIAL

EPA

COMPUCHEM® LABORATORIES

DATA INQUIRIES

Section No. 2.9
Revision No. 1
Date: June 12, 1986
Page 8 of 9

REFERENCE TO CASE NO.

SAMPLE NUMBER(S)

DATE PULLED BY

DATE REVIEWED

DATE AMENDED/MAILED BY

DATE REFILED BY

PP&C - 1st Copy
QA - 2nd Copy
Report Deliverables
Inventory Control

3rd Copy
4th Copy
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I n i t i a l Documentation for SOPs: Including Designated Personnel Responsibilities

!
i

i This Standard Operating Procedure, Production Planning and Control, number
2.9 was written from an interview conducted by W i l l i a m J. Gargan with Bernard

< Bass on January 28, 1985. The Director of Quality Assurance and the Manager,
] Production Planning and Control, have read and approved this procedure.

1

i

- - SOPs approved by: Date:
Director of Quality Assurance

SOPs approved by: {̂ ~<_sb-& — e-s <T~ /Ŝ -o-ê ^ Date:
Manager, Production Planning and Control

. j

' These procedures describe how tasks are performed in the Production Planning
* and Control area. If e question arises concerning the proper procedure to follow

for an activity in this area, these SOPs should be consulted to resolve the ques-
} tion. Also, these SOPs are a valuable source of material for training purposes.

After the manager of this area believes the person responsible for these
, tasks has mastered these SOPs, both the manager and the employee should sign and
' date this form, assuring that these SOPs are understood and w i l l be followed in

the d a i l y operations of CompuChem Laboratories. Please forward a copy of this
•̂ i, signed and dated form to Quality Assurance.

"I

Employee's name: Date:

Employee's title:

Employee's name: Date:

Employee's title:

| Employee's name: Date:
'•_ *

Employee's title:

Manager's name: Date:
i

Manager's ti t l e : ___^__
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1 7. SAMPLE CUSTODY*

• Upon receipt by Enseco, samples proceed through an orderly processing
sequence specifically designed to ensure continuous Integrity of both the

| sample and its documentation.

All samples are received by Enseco's Sample Control Group and are
t carefully checked for label identification, and completed, accurate

chain-of-custody records. Photographs document the condition of samples
; and each sample 1s then assigned a unique laboratory identification

number through a computerized Laboratory Information Management System
] (LIMS) that stores all identifications and essential information. The

LIMS system tracks the sample from storage through the laboratory system
- until the analytical process is completed and the sample 1s returned to
' the custody of the Sample Control Group for disposal. This process is
, summarized in Figure 7-1. Access to all Enseco laboratories is

] restricted to prevent any unauthorized contact with samples, extracts, or
documentation.

4

:. An example of the Enseco Cha1n-Of-Custody Record used to transmit samples
from the client to the laboratory 1s given in Figure 7-2. The Chain-Of-
Custody Record (Interlaboratory Analysis " ~m] used to tr~-"nit samples

] between laboratories within Enseco is given in Figure 7-3.
i

. Sample bottles provided to the client by Enseco are transmitted under
: custody using the Enseco "Sample Safe™".
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Figure 7-1

ENSECO SAMPLE PROCESSING FLOW CHART

Sample Control

Proper Storage

Laboratories

Sample Control

*
*

Check and document physical condition
of sample
Verify documentation and parameter
assignment
Log into LIMS
Send acknowledgement letter to client

Store sample according to preservation
guidelines
Transfer sample to lab with proper
documentation

* Document analytical work
* Return unused samples to Sample Control

* Return sample to client or arrange for
sample disposal
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FIGURE 7-3

Enseco

INTERLABORATORY ANALYSIS

of

FUe IncUx

SHIP TO

CAL

Attention

CLIENT

: (circle one)

ERCO CLE GAS MAR HOU

:

SEND RESULTS TO:
Rocky Mountain Analytical Laboratory
4955 Yarrow Street
Arvada, CO 80002
(303) 421-6611 FAC: (303) 431-7171

Attention:

NAME PROJECT NO.

Relinquished by: (Signature) Received by: (Signature) Date Time

Relinquished by: (Signature) Received by: (Signature) Dace Time

import
abID EnsecoID Client ID

Matrix Date Date Da
(a, j, w) Sampled Rec'd Auth.

Analysis
Requeued/

Item*

Sample
Condiuon

Upon
Receipt

x Written results required by (date): Verbal results required by (date):

b. QG CD Standard Enseco Q CLP Protocol Q Project-Specific

c. Sample Disposal: Q Enseco Q Return to Client Q Phone RMAL

d. Raw Data Copies Neede± Q Yes -Q No

e. Detection Limits: Q Standard Product D Other*

f. Holding Times: Q Enseco D EPA-CLP Q Other*

g. 'Special lnstructions:___ :

"h. Intercompany Rebate: (circle one) 0% 5% 10% i. P.O. Number
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DOCUMENT CONTROL AND THE EVIDENTIARY FILE
SYSTEM FOR BLACKWELL LANDFILL SITE

ACCOUNTABLE DOCUMENTS

Accountable documents will Include all logbooks, field data records,
correspondence, sample tags, graphs, cha1n-of-custody records, and other
sample documentation forms used, original data Including laboratory bench
sheets, photographic prints and planning documents.

i FILE STRUCTURE

. Documents will be arranged 1n the evidentiary file using the format attached.
2

LOGGING OF DOCUMENTS

i Documents will be received by the Document Control Officer who will log them
and assign a number to each such that documents within each document subclass

T are separately serialized. An exception to this will be sample tags, chain-
• of-custody forms or other documents that are numbered prior to assignment for

use.
T

• DOCUMENT ACCESS

• Project documents will be secured 1n a separate, locked file cabinet. Access
j will be limited by the Document Control Officer to project personnel. A

.Tf, check-out log will be maintained as a record of access.
t ~ '._•'*

' EVIDENCE FILE AUDIT

] Upon project completion, the Warzyn Quality Assurance Officer will audit the
i evidence file for completeness. Results of the audit will be documented on

the attached form and kept 1n the Final Evidence file.
T

FINAL DISPOSITION OF FILE CONTENTS

j The Final Evidence file will be maintained by Warzyn as described in Section
i XXII, Record Preservation, of the Consent Order. The file will be maintained

during the Pendancy of the Consent Order and for a minimum of five years after
J Its termination. The PRP shall notify the U.S. EPA 1n writing within thirty
I (30) calendar days prior to the destruction of such documents at the end of

the five year period.
?

CAW/caw/PJV



PROJECT SINGLE-FILE STC^GE SYSTEM - FILE CHECKLIST SHEET
[05/24/89]

CATEGORY

File Index

Contracts/Proposals/Bids

Financial

Correspondence

Planning Documents

Quality Assurance

Field Data

FILE COKMENTS

List of ill files:
copy of this sheet is acceptable

A Proposals, contracts, purchase
orders. specifications-COPlES OXLY

B Sunsmary of invoice status: invoices
correspondence re: accounts
receivable: copy of budget and
project task setup; COPIES ONLY

C Various incooing and outgoing
letters, f.enorandums, diary notes.

Cl-All inhouse correspondence;
diary notes and nemos

C2-A11 outgoing letters/meaos

C3-A11 incoming correspondence

C4-Telephone conversation records

C5-Chronological file - all correspondence

C6-Hiscellaneous

D Documents other than proposals:
Health and Safety plans, Sampling
plans, QAPPs, permit plans;
special instructions/outlines for
conducting the project; Vork Plans;
VEI plans and specifications

E A work plan and budget; project
history file; etc.

F Original field data/notebooks

Fl-Field boring logs

F2-Vell construction details

F3-G«otechnical testing

F4-Geophysical testing

F5-Vjter Quality testing and water
level teasuresents

F6-Ciily field logs

F7-siilc'cwn testing

F8-Structural testing

F9-Kiscellaneous/Other

FlO-Sunreying/Varzyn Field Repcrts/Kotebooks

REQUIRED CATEGORIES1.2

X

WARZYN



CATEGORY

I Laboratory Data

Calculations

photographs/Maps

Originals

Varzyn Reports

Warzyn Drawings

Other Reports/Drawings

Kiscellaneous

Checkprint

PROJECT S1KGLE-F1LE STORAGE SYSTEM - FILE CHECKLIST SHEET

(Continued)

FILE

G

M

N

COKHEHTS

Laboratory test data: chesical,
geotechnical. materials: original
data and quality control data

El-Analytical laboratory data

G2-Geotechnical laboratory data

G3-Katerials testing laboratory data

G4-Subcontracted laboratory data

Calculations, quantity estimates,
computer printouts of tabularized
data; sets of data should be bound
separately

Photographs, stereo pair*,
naps (published), zoning, topography,
geology, groundwater, bedrock,
negatives

Varzyn original reports or drafts

Copies of the project report or
previous pertinent V£l reports

Reference list of report drawings;
copies or reduced copies of
original drawings. Kote: original
or reduced mylars will be
stored separately

Kon-Varzyn reports and drawings

Other file infonsaticn vhich
does not fit into other
categories; file oust be named.

TEMPORARY FILE of checlprints, draft
reports or other work in progress.
F i l e Biust be removed upon job
completion.

REQUIRED CATEGQRlJjl.2

X

X

X

X

X

Main file categories indicated with an X are standard on all projects, but will not be set up by Records
until category-specific data is generated.

Subcategories r.ay be established by the Project Manager on a prcject-specific basis (e.g., Superfund
projects).

SS/kjw/KEB/DVH
[ckb-400-98]

WARZYN



DOCUMENT AUDIT CHECKLIST

PROJECT NO.

PROJECT LOCATION

FILE LOCATION

Yes No

DATE OF AUDIT

SIGNATURE OF AUDITOR

1. Have Individual files been assembled (field In-
vestigation, laboratory, otter)?

Comments:

Yes No 2. Is each file Inventoried?

Comments:

Yes No 3. Is there a 11st of accountable documents?

Comments:

Yes No 4. Are all accountable documents present or accounted
for?

Comments:

From NEIC Procedure Manual for the Evidence Audit of Enforcement
Investigations by Contractor Evidence Audit Teams, EPA-300/S-81-003-R,
April, 1984.



Yes No 5. Is a document numbering system used?

Comments:

Yes No 6. Has each document been assigned a document control
number?

Comments:

Yes No 7. Are all documents listed on the Inventory accounted
for?

Comments:

Yes No 8. Are there any documents 1n the file which are not on
the Inventory?

Comments:

Yes No 9. Is the file stored 1n a secure area?

Comments:

Yes No 10. Are there any project documents which have been
declared confidential?

Comments: .



f
i
1 Yes No 11. Arc confidential documents stored 1n a secure area

separate from other project documents?

i

Comments:

j Yes_ No__ 12. Is access to confidential files restricted?
i

Comments:

Yes No 13. Have confidential documents been narked or stamped
•Confidential'?

Comments:

» Yes No 14. Is confidential Information Inventoried?
1; " ~

Comments: .

Yes No 15. Is confidential Information numbered for document
control?

Comments:

Yes No 16. Have any documents been claimed confidential under
TSCA?

Comments:

[jpl-602-84f]
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INTERNAL FIELD INVESTIGATIONS AUDIT

This describes a procedure for auditing activities performed during field
j investigations or remedial actions. The audit addresses the adherence to

procedures documented in project plans. These plans may include the project
j Work Plan, Sampling Plan, Quality Assurance Project Plan and Health and Scfety
*: Plan.

1 WORK ASSIGNMENT

, The Warzyn Quality Assurance Manager (QAM) will schedule each audit performed.
;
j Audits may be performed by the QAM or by personnel under his/her direction.

Audits may be announced or unannounced.

i
x

AUDIT PREPARATION

The auditor will review project plans, standard operating procedures, safety
plans, or other pertinent project documents for background information.

| . Equipment that may be required for the audit, including safety equipment, will

'•• be obtained for use during the audit. The Harzyn Project Manager will be

i"- informed that the audit is to take place in order for the auditor to obtain
!.,. updated information on site conditions.

, ON-SITE AUDIT

A briefing is scheduled with the sampling team prior to initiating the audit.

The auditor shall briefly describe the audit process and obtain updated

information on the field tasks. The audit is the evaluation of adherence to
project planning documents and of sample identification and control, chain-of-
custody procedures, field documentation, security of evidence and sampling

i operations. The evaluation is based primarily on the project planning
1 documents.

i
i The auditor will maintain a record of all activities performed during the

audit, which may include logbooks, work papers and checklists. The checklists
j ore attached. The auditor must accurately track the dates and times of audit

activities and the document numbers that have been reviewed. Included in the
?

record will be the project codes, project location, identification of the



Investigators assigned to the project and auditor's name. The checklists must
be completed 1n their entirety and any other pertinent Information should be
recorded 1n the "comments' section.

"T Sample Control
i

..' The field audit addresses handling of samples from time of collection through
shipping or delivery to the performing laboratory. A sample 1s typically

i Identified as to the location, date, time and name of person collecting 1t. A
sample tag is used for this purpose. Samples are also typically listed 1n 'a

j Chain-of-Custody record. The auditor should evaluate adherence to sample
documentation and control procedures outlined in the project planning

I documents.

' Data from on-site measurements and observations made by field personnel are
typically recorded directly into a field logbook or field data record. The

j auditor should observe this activity or the results.

Sample Tag
| Samples are removed from the sample location and transferred to a laboratory
•"; or other location for analysis. Before removal, however, each 1s preserved 1n

accordance with prescribed procedures and the sample 1s Identified with a
sample tag. The Information recorded in the sample tag typically includes:

t

i
'. Project Code - An assigned number
T • ' - . - . '

; Station Number - A two-digit number assigned by the
Project leader and Hsicu in the project

i Plan
*

1 Date - A six-digit number Indicating the year,
month and day of collection

i

Time - A four-digit number Indicating the clock
i time of collection, for example: 0954.
i

Station Location - The sampling station description, as
specified in the project plan



Samplers - Each sampler's name is listed

Tag number - A unique serial number is stamped on
each tag

Remarks - The samplers record of pertinent
observations

The sample tag contains an appropriate place for designating the sample as a
grab or composite and Identifying the type of sample collected for analysis.
The sample tags are securely attached to each sample.

After collection, separation, Identification and preservation, the sample 1s
typically maintained under cha1n-of-custody procedures. If the composite or
grab sample 1s to be split, 1t 1s all quoted Into similar sample containers.
Identical information is recorded on the tag of each split. This Identifies
the split sample for the appropriate government agency, facility, laboratory
or company. In a similar fashion, tags on blank or duplicate samples are
marked "Blank" or "Duplicate," respectively, unless otherwise directed.

The auditor will examine a selected number of sample tags for completeness and
accuracy. The auditor will determine if the station number and location are
identified; the date and time collected are Indicated; the type of sample and
analysis are specified, the preservative, if used, is identified, and the
sampler('s) signature(s) appear on the tag. The auditor will also determine
1f the station location accurately Identifies vhere the sample wa" taken and
that the sampling methods used were as specified in the project planning
documents.

Chain-of-Custody Record

Possession of samples collected during Investigations typically must be
traceable from the time collected until Introduced as evidence in legal
proceedings. Cha1n-of-Custody Records are used for this purpose.

A sample is in your custody if the following criteria are met:



' 1. It is 1n your possession; or
i
j 2. It 1s 1n your view, after being 1n your possession; or
*

3. It was 1n your possession and then locked up to prevent tampering; ori
i

4. Iv was 1n your possession and then transferred to a designated secure
I area.

The auditor will select a predetermined number of Cha1n-of-Custody records to
be audited 1n the field. The records must be reviewed to determine 1f the
station number and description correspond to the sample tag, 1f the date and
time correspond, 1f the parameters to be analyzed have been properly
identified, and 1f all custody transfers have been documented and the date and
time of transfer recorded.

The auditor will also determine 1f samples are kept 1n custody at all times
and are handled to prevent tampering. Sampling equipment should also be
checked for security and to detect tampering.

Traffic Forms
If samples are analyzed under the Contract Laboratory Program (CLP), Organlcs
and Inorganics Traffic Report forms must also be used. The Organic and
Inorganic Traffic Reports are to be executed by the field sampling tean and
are subject to audit as are the previously discussed documents. This portion
of the audit 1s to obrerve that the information recorded on the forms is
correct and that it coincides with the information on the sample tags and on
the Cha1n-of-Custody Record.

Field Documentation

Observations and measurements during field investigations must be recorded in
bound logbooks. These records are intended to provide sufficient data and
observations to enable participants to reconstruct events that occurred during
the project and to refresh the memory of the investigators, if called upon to
give testimony during legal proceedings.



1 Logbooks; Project logbooks will be reviewed by the auditor during the field
Investigation audit to see that each 1s signed and entries are dated. Logbook
entries must be legible, written in Ink and contain accurate and Inclusive
documentation of an Individual's project activities. Because the logbook

I forms the basis for reports written later, it must contain only facts and
observations. Language should be objective, factual and free of personal

' feelings or other terminology which might prove Inappropriate. Pertinent
• Information should be recorded 1n these logbooks from the time each Individual
, 1s assigned to the project until the project 1s completed. Entries made by
i individuals other than the person to whom the logbook was assigned must be

dated and signed by the Individual making the entry.

Photographs; The auditor will review field logbooks to determine 1f
photographs taken are properly documented. When movies, slides or photographs
are taken which show sampling sites or provide other documentation, they are
numbered to correspond to the logbook entries. The name of the photographer,
date, tin;e, site location and site description are entered sequentially 1n the
logbook as photos are taken.

; Corrections to Documentation; As previously noted, unless prohibited by
weather conditions, original data recorded 1n logbooks, sample tags, custody

. records and other data sheet entries are written with waterproof Ink. None of
; the documents listed above are to be destroyed or thrown away, even 1f they
' are Illegible or contain Inaccuracies which require a replacement document.

If an error is made on a document, the Individual may make corrections simply
•5

by drawing a line througn the error and entering the correct Information. The
erroneous information should not be obliterated.

j Sampling Operations
The auditor will review sampling operations to determine if they are performed
as stated in project planning documents. The proper number of samples should
be collected at the assigned locations. The auditor will check to determine

j that the samples are 1n prescribed containers and are preserved in accordance
k with project plans. The auditor will determine if the required field



measurements and quality assurance checks are performed and documented as
directed.

A closing briefing shall be held with the field team leader to verbally review
observations. Unresolved problems will be discussed with the Warzyn Project
Manager and Quality Assurance Manager.

Reporting

A written audit report 1s submitted to the Warzyn QAM after completion of the
audit. The report shall Include copies of checklists. A copy of the report
will be given to the Varzyn Project Manager and will become part of the
project file.

RCW/bcn/DWH
[bcn-800-70]



FIELD CHECKLIST
Briefing with Project Manager

SIGNATURE OF AUDITOR DATE OF AUDIT

PROJECT MANAGER PROJECT NO. _

PROJECT LOCATION

TYPE OF INVESTIGATION

(authority, agency)

Yes No N/A 1. Was a project plan prepared? If yes, what Items are
addressed 1n the plan?

Yes No N/A 2. Were additional Instructions given to project
participants (I.e., changes 1n project plan)? If yes,
describe these changes.

Yes No N/A 3. Is there a written 11st of sampling locations and
descriptions? If yes, describe where documents are.

Yes No N/A 4. Is there a map of sampling location? If yes, where 1s
the map?

Yes No N/A 5. Do the Investigators follow a system of accountable
documents? If yes, what documents are accountable?



FIELD CHECKLIST

Field Observations

, Yes No N/A 1. Are the number, frequency and types of field
j measurements and observations taken as specified in the
' project plan or as directed by the project manager? If

yes, where are they recorded?

I. Yes No N/A 2. Are samples collected in the types of containers
specified for each type of analysis? If no, what kind

; of sample containers were used?

Yes No N/A 3. Are samples preserved as required? If no or N/A,
explain.

Yes No N/A 4. Are the number, frequency and types of samples collected
'• as specified 1n the project plan or as directed by the
: project manager? If no, explain why not.
i

Yes No N/A 5. Are samples packed for preservation when required (i.e.,
packed in ice, etc.)? If no or N/A, explain why.

Yes No N/A 6. Is sample custody maintained? How?



FIELD CHECKLIST
Document Control

Yes No N/A 1. Have unused and voided accountable documents been
returned to the coordinator by the team members?

Yes No N/A 2. Were any accountable documents lost or destroyed? If
yes, have document numbers of lost of destroyed
accountable documents been recorded and where are they
recorded?

Yes No N/A 3. Are samples Identified with sample tags? If no, how are
samples Identified?

Yes No N/A 4. Are sample tags completed (e.g., station no., location,
date, time, analyses, signatures or samples, type,
preservatives, etc.)? If yes, describe types of
information recorded.

Yes No N/A 5. Are samples collected listed on a cha1n-of-custody
record? If yes, describe the type of cha1n-of-custody
record used and what Information 1s recorded.

Yes No N/A 6. If used, are the sample tag numbers recorded on the
cha1n-of-custody documents?



i

Yes No N/A 7. Does Information on sample tags and Cha1n-of-Custody
Records match?

\ Yes No N/A 8. Does the Chain-of-Custody Record Indicate the method of
i sample shipment?

i
}

i Yes No N/A 9. Is the Cha1n-of-Custody Record Included with the samples
] in the shipping container?

Yes No N/A 10. If used, do the sample traffic reports agree with the
sample tags?

Yes_ No_ N/A_ 11. If used, are blank samples Identified?

i

< Yes -No N/A 12. If collected, are duplicate samples Identified on sample
tags and Chain-of-Custody Records?

Yes_ No_ N/A_ 13. If used, are spiked samples Identified?

Yes No N/A 14. Are logbooks signed by the Individual who checked out
the logbook from the project coordinator?



Yes No N/A 15. Are logbooks dated upon receipt from the project
coordinator?

Yes No N/A 16. Are logbooks project-specific (by logbook or by page)?

Yes No N/A 17. Are logbook entries dated and Identified by author?

Yes No N/A 18. Are photographs documented 1n logbooks (e.g., time,
date, description of subject, photographer, etc.)?

Yes No N/A 19. If film from a self-developing camera 1s used, are
photos matched with logbook documentation?

Yes No N/A 20. Are sample tag numbers recorded? If yes, described
where they are recorded.

Yes No N/A 21. Are calibration of pH meters, conductivity meters, etc.,
documented? If yes, describe where this 1s documented.

Yes No N/A 22. Are amendments to the project plan documented? If yes,
describe where the amendments are documented.



I FIELD CHECKLIST

Debriefing with Project Manager

Yes No N/A 1. Was a debriefing held with project manager and/or other
participants?

Yes No N/A 2. Were any recommendations made to the project
participants during the debriefing? If yes, 11st
recommendations?



L
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i APPENDIX F-2

INTERNAL AUDIT PROCEDURES FOR LABORATORY METHODS

I



WARZYN

INTERNAL AUDITS

Internal audits are performed on a quarterly basis. The auditor reviews
each area of the laboratory using the attached check list. The quality
assurance specialists are responsible for auditing and they report to the
director of Technical Services. The auditor prepares a final audit report
summarzing their findings and towards the report to the laboratory
manager. The laboratory manager informs upper management of the
contents of the audit report, and outline plans to address
recommendations or deficiencies.

BLH/rflTKDF

[rff-SOPs-99]
99198.20

Warzyi Engineering Irx
One Soence COOT[

PO Bo- 5385
M^Oson. Wisconsin 53705

16081 273-04-iO



LABORATORY CHECKLIST

! Yes No ]. Is there a laboratory procedures manual?

Comments:

Yes No 2. Is there a laboratory quality control procedure?
1
! • Comments:

Yes No 3. Is there a person who reviews that QC and QA in the lab
(i.e., QC Officer)?

Comments:

Yes No 4. Is there a procedure for the development and review of
laboratory procedures?

Comments:

Yes No 5. Are procedures updated/reviewed at a set interval?

Comments: 1_

"'Yes No 6. Is the procedure status log current?

Comments:

Yes No 7. Is there documentation that each analyst has read and
understood each procedure that is applicable to their
job requirements?

Comments:

Yes No 8. Is there a documentation system that records the
analyst's proficiency in the manipulation of laboratory
equipment and techniques required in analyses, and that
he is knowledgeable and skilled in performing the
analyses for which he is responsible?

Comments:



i

Yes No What is the system?

Comments:

Yes No 9. Is there a written training procedure for new analysts?

I ' Comments:

t
1 Yes No 10. Does the laboratory have QC charts for each parameter

for each type of control sample?

a. Duplicate
b. Split
c. Spiked
d. Preservative blanks

Comments:

Yes No 11. Are the QC chart limits ± 2SD for warning limits; x +
3SD for control limits?

Comments:

Yes No 12. Are replicate analyses (7) run annually for all
parameters?

a. Precision
• b. Accuracy

Comments:

' Yes No 13. Are charts current?

' Comments:



Yes No 14. The percent of laboratory resources devoted to QC and QA
is:

a. 0-5%
b. 5 - 10%
c. 10 - 20%
d. >20%

Comments:

Yes No 15. Does the laboratory participate in any "round robin1

split and/or performance sample programs? -
Note: List and indicate results.

Comments:

Yes No 16. Are externally prepared performance standards obtained
from the EPA analyzed yearly for each parameter?
List.

Comments:

Yes No 17A. Is there a written procedure for cleaning sampling
equipment and containers?

Comments:

/Yes No 17B. Does this procedure include the collection of blank
samples from collection equipment to assure/document
that equipment will not contaminate samples?

Comments: •

* Yes No 17C. Are blank samples collected routinely from cleaned1 sample containers to assure/document efficiency of
cleaning?

Comments:



1

Yes_ No 18. Is there a procedure for data reporting?

Comments:

Yes No 19. Do the final data reports indicate if there were
! variations in the parameter-specific holding times?
i

Comments:

Yes No 20. Is there a written procedure for:

a. Significant figures?
b. Rounding off?
c. Calculation rounding?

Comments:

Yes No 21. Are data and laboratory records kept for a specified
length of time (i.e., NPDES: 3 years)?

Comments: _-••

j Yes No 22. Are log books:

> a. bound?
( b. pages numbered?

c. dated and signed?
d. reviewed?

Comments:

Yes No 23. Are laboratory notebooks:

a. properly stored?
b. properly labelled?
c. complete/accurate?

Comments:



Yes No_ 24. Are the field data logbooks complete and current?

Comments:

Yes No 25. Are the receiving logbooks complete and current?

Comments:

Yes No 26. Are calibration reagents of unimpeachable purity and
product quality as required by each analysis?

Sources List (NBS)

a. weights
b. certified thermometers
c. filter, etc.

Comments:

Yes No 27. Is there a procedure to assure that reagents and
chemicals Reagent blanks, method blanks checked 100%
against specification quality?

Comments:

Yes No 28. Are NBS standard reference N/A to most environmental
analyses materials used as a routine part of calibration
and QC program?

Comments:

Yes No 29. Are chemicals properly stored to assure quality?

Comments:

i

Yes No 30. Are there written requirements for all analytical
' instruments for:

I a. daily warmup?
i b. standardization?

c. calibration?
d. optimization procedures
e. maintenance?
f. documentation (logs)?
g. replacement, cleaning, checks, adjustment by

laboratory staff and/or service personnel?



f
•

4 Yes No 31A. Is there a written calibration procedure for all
measuring and test equipment?

i B. Does this procedure specify use criteria?

, C. Are calibration standard, reagents, and accessory
; equipment listed?
i

D. Does the procedure specify the documentation used in
I maintenance logbook?

Comments:

Yes No 32. Are all instruments tagged with date of last calibration,
calibrator, and due date for next calibration?

Comments:



LABORATORY CUSTODY AND DOCUMENTATION CHECKLIST

SIGNATURE OF AUDITOR DATE OF AUDIT
LABORATORY
LABORATORY LOCATION
PROJECT IN EFFECT

1. Name of Sample Custodian and other personnel responsible for sample
receipt and document control.

2. Where are the Sample Custodian's procedures and responsibilities
documented?

3. Where are written Standard Operating Procedures (SOPs) pertaining to
receipt of samples documented (laboratory manual, written instructions,
etc.)?

4. Where is the receipt of Chain-of-Custody Record(s) with samples being
documented?

5. Review sample receipt documentation to assure that the nonreceipt
of Chain-of-Custody record(s) with samples being documented.

6. Where is the integrity of the shipping container(s) being documented
(custody seal(s) intact, container locked or sealed properly, etc.)?



7. Review the sample receipt documentation to assure that the lack of
integrity of the shipping container(s) is being documented (i.e.,
evidence of tampering, custody seals broken or damaged, locks unlocked
or missing, etc.)?

8. Determine bv asking the Sample Custodian or reviewing the laboratory SOP
manual, if agreement among forms, Chain-of-Custody records, and sample
tags is being verified? State source of information.

9. Where is the agreement or nonagreement verification (#8) being
documented?

10. Review sample receipt documentation to assure that sample tag numbers
are recorded by the Sample Custodian?

11. Where are written Standard Operating Procedures (SOPs) pertaining to
sample storage documented (laboratory manual, written instructions,
etc.)?

12a. Do written SOPs and actual laboratory practices demonstrate laboratory
security?

12b. Describe sample storage area (upright refrigerator in GC lab, walk-in
cooler in sample receiving area, etc.).



• 13. How is sample identification maintained?

14. How is sample extract (or inorganics concentrate) identification
maintained?

15. How are samples that require preservation stored to maintain their
preservation?

16. Are written Standard Operating Procedures (SOPs) pertaining to sample
handling and tracking documented?

17. What laboratory records are used to record personnel receiving and
transferring samples in the laboratory?

18. Affirm that each instrument used for sample analysis (GC, GC/MS, AA,
etc.) has an instrument log? List those instruments which do not.

1 19. Determine where analytical methods are documented and ask if methods are
available to the analysts?

20. Determine where quality assurance procedures are documented and ask if
procedures are available to the analysts?



i 21. How are written Standard Operating Procedures (SOPs) for compiling and
maintaining sample document files documented?

• 22. How are sample documents filed (by project number, internal laboratory
J number, batch number, sample number, etc.)?

23. Review sample document files to determine if a document file inventory
is prepared for each project file.

24. Review sample document files to determine if all documents in the case
files are consecutively numbered according to the file inventories.

• 25. Observe the document file storage area to determine if the laboratory
! document files are stored in a secure area.

:, 26. Has the laboratory received any confidential documents?

Complete questions 27, 28 and 29 ONLY if the response to question 26 was yes.

27. Review the project files to assure that confidential documents are
segregated from other laboratory documents.

28. Review the project files to assure that confidential documents are
stored in a secure manner.



29. Review recommendations from the previous audit to determine if the
recommendations have been implemented. If not, the recommendations
should be repeated and the laboratory director and the Project Officer
should be notified.
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Tp_.Q Corrective Action

j_Qj Introduction

Generally, there are two types of corrective actions that may be required when

data quality falls below specified limits. The first type, and the simplest to

Implement and document, 1s corrective action required because routine data

quality assessments are out-of-control. Surrogate and spike standard

ecoveries, relative percent differences between duplicates, Internal standard

response variations, and unacceptable blank contamination a^e some of these

assessments 1n the first category. These are all performed on a sample-by-

sa-ple end/or batch basis, and corrective action 1s limited to evaluating the

data with respect to SCP criteria, and accepting or rejecting the sample/bate'-..

The decision that is made is cleanly indicated on analytical worksheets, and

unless a fend is observed during the course of data validation, addition*!

corrective action or documentation is not necessary.

"Tne second type of corrective action Is that req"'~'d when other, .re

QC/QA essessTr'-.ti, a-e made. The assessments might typically indicate
I .
'•' systematic deficiences or those affecting data useability for more than one

bitch (i.e., glassware contamination checks, standards preparation errors, etc.),

In most cases, assessments of this nature are made by reviewing peripheral QC/QA

I documentation, observing procedures for comparison with SOPs or GLPs, or

1 receiving feedback from data reviewers, management or chose external to the

organization (clients, auditors).

Tns following sections describe the QA reporting and feedback channels designed

to ensure that early and effective corrective action Is taken in such Instances.
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• In many cases, depending on the nature of the deficiency and the urgency fo-
1 remedial action, a Corrective Action Report (following this section) will be

T completed. The report serves to document the deficiency, the required

^ corrective action, and accountability for the action.

' • . •
i For observations made over longer periods of time, the QA Department Issues

j formal surmary reports to management on a monthly or quarterly basis. Follow'-r.z

• Is a brief discussion of the types of reports Issued to management to assess the

;' overall effectiveness of the QA Program and to reinforce the application of Good

Laboratory Practices'(G'.Ps).
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1Q.2 Routine QC Check Resorts

.' The following routine quality control checks (also discussed 1n section 9.2 of

the QA Plan) are performed to verify that samples are not contaminated dur1ng
»

[ transportation, preparation, analysis or storage, and that standards prepared

,• Internally are traceable to certified sources.

-- Vendor-Supplied Glassware Checks

— Glassware Decontamination Checks
•~-\

— Water Purification Systems Checks

* — Glassware Storage Cabinet Checks

I . •- Refrigerated Storage Systems Checks

f -- Re=ge~.t Purity Checks

^ -- Standa-ds Prepartlo-, and Traceabllity Checks
i

L Tne criteria for these QC checks and corrective action steps are detailed in the

' QA SO? Manual. Results are tabulated and/or plotted on control charts, and

™ s reviewed by the QA staff. A series of quarterly reports to management

I surr.arize tMs ir.forr.ation and the status of these progra~s.
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10.3 Monthly QA Activity Reports

These reports are produced by all me-nbers of the QA staff, and summarize key QA

activities during the previous month. The reports are distributed to the

Director of QA, and are provided as an attachment and referenced 1n the

Director's report to the CF.O, the Executive Staff and senior laboratory

management.

Included 1n these reports 1s a summary of significant quality problems observed

dwing the period, and the corrective actions taken to remove deficiencies. Tn-

report stresses proactive measures that are being taken to Improve quality or

ensure compliance with QA program requirements.

Laboratory management uses the report to quantitatively measure monthly

performance 1n terms of the number of samples processed, the frequency of

repeated sample analyses due to unacceptable QC performance, and the cause of

-the unacceptable performance. These data are all presented 1n tables, Pa'-eto
. •

control charts or attribute control charts, ba?«?d on the characterization of

each analysis 1n the Computerized Laboratory Management System (CLK3) using a

system of analytical "condition codes."

The Condition Code System 1s used to monitor sources qf data failures.

Condition code definitions are provided 1n an SOP to data generators and

reviewers who are responsible for assigning the appropriate code to each

I analysis (see Appendix D). Each two-letter code Is used to characterize the

cause of a sample failure or the final status of the data package prior to

| release to the client.

{ ' •
«k

V •
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m Various computer programs may be used to sort condition code data according to

J sample mafix and method. This system 1s used to pinpoint sources of error,

provide feedback to management, reinforce good laboratory practices, and

L document laboratory performance over time. The QA staff also note 1n the

t Monthly QA Activities Report any corrective actions taken or necessary

• procedural changes, based on the application of condition codes.
)

|i Other Items included in this report are:

j1 -- Suona'-y of any changes in certification/accreditation
y St2tJS

.T " -• Involvements in resolution of quality issues with clients
I or agencies

i •• QA organizational changes

• -- Notice of the distribution of revised documents controlled
, by the QA Department (I.e., SOPs, QA Plan)

|| -- Training and safety issues, if not already covered in
audit reports during the period

L -- Performance of subcontractor laboratories (also
• . ,, cosrrjnicated in separate, detailed subcontractor audii
T '.'.'"';• report to management)

• - -- Positive feedback for acceptable performance 01
« 1nterlaboratory or intralaboratory tests or successful
i completion of audits.

I

i
i
i

i
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10.a Laboratory Performance Reports

This quarterly report presents a statistical and graphical sunmary of the

laboratory's performance on batch-associated quality control" samples analyzed

over the period.. Included are tables, Shewhart control charts and I-charts (for

Individual data points) for all surrogate and spike standard recoveries.

Additionally, a monthly report to the Director of QA presents control charts and

tables for all Laboratory Control Sample (Blank Spike) and Blank recoveries.

Jne charts and tables are used primarily to document historical performance,
•i

update recovery control limits, and monitor long-range trends that might not be

apparent to data reviewers evaluating data on a sample/batch basis.
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ii
y 10,5^ Laboratory Audit Reports

'' Quarterly audU reports are written by a member of the QA staff and distributed

• to management, and summarize the results of Internal laboratory Performance
?

I Audits, Systems Audits and Security /Access Audits. When external audito-s are

( Involved in Performance or System Audits, a report Is written within the next

• • week by the QA staff member coordinating the audit. The report, sunrr.arizing

• audit results as discussed in the debriefing as well as other observations, 1s

' distribute- to the CEO and senior lab management. The report Includes
i
I 'corrective actions required as a result of the audit, and a schedule for

i •- Inpler.r^.tatiD'-,. A follow-up audit, usually within three weeks of the

I distribution ce this report, is conducted to verify that corrective actions have

. been Implemented.

!

I Pe^orr.ance Audits

! ' Performance Audits are checks made by a QA staff member or other independent

I auditors to evaluate the quality of the data produced by the analytical syster.
• . •• '
I These audits are performed independent of an in addition to routine quality

control checks, and reflect as closely as possible lab performance under normal

j operating conditions.
< - *

1 These audits involve the review of approximately 10* of all analytical data

reports generated by the lab for calculation and data validation procedures, and

' overall data quality. Errors observed during the audit are characterized as
i

'critical" or "correctable" and tabulated. If necessary, based on audit

findings, an amended data report may be sent to the customer. Following this

section is a 'copy of the QA Audit Suirmary used by auditors to tabulate the data
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for suirr.ary Into the Quarterly Performance Audit report. A thorough discussi

of these audits 1s Included 1n the QA SOPs. The reports are used by labora

managers to provide feedback to staff members and establish goals for Improved

performance.

A number In Interlaboratory and Intralaboratory tests are conducted routinely a:

CompuChenf, and the results are Included 1n Individual Performance Audit reports

specific to each test. When new methods are available to the laboratory or new

personnel are being trained, Laboratory Proficiency Tests are performed. These

tests consist of quadruplicate blank spikes, containing a full complement ori
tests parameters to be analyzed by the method. The replicate results are

: analyzed by a QA staff member, who generates a summary report to the Directo--

of QA. Tr.is report Includes the standa-d deviation and mean recovery for each
i
| of the replicate parameters, and the data are used to statistically validate

method and/or personnel p"of<ciency. For a thorough discussion of the method

' validation procedures used, refer to Appendix A of the QA Plan.
. *•'' •

1 Or, e quarterly basis, blind Intralaboratory ch^-' samples are ',.,., oduced into

' the system by the QA Department. Parameters and methods are chosen for these
i

studies based upon Independent (Interlaboratory) tests from certifying agencies

: (Including the U.S. EPA and various state agencies), Laboratory Proficiency

Test results, Method Validation studies, or results from routine batch-related
1 QC samples. The existence of these check samples In the system Is known only to

| those personnel Involved In preparing the samples and scheduling the analytical

requirements Into the CLKS. A thorough report, detailing the entire datai
generation and support functions, Is completed by the QA staff and reviewed by
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u the Director of QA before distribution to the CEO and senior laboratory

M management.

[ CompuChem* also participates in a number of external, interlaboratory

performance studies. These are required as part of various agencies'

L certification/accreditation programs. -As a member of the USEPA's Contract

•' Laboratory Program (CLP), the laboratory 1s required to successfully analyze

qu»rterly, blind proficiency samples for both organic and Inorgar.:: para-rete'S •

I ' Tne CLP program also reqjires an annual on-s1te Inspection by principals froT

• - the USEPA (and their contacted agents). These audits generally follow the

• same fors;*: described below, Systems Audits.

h CorpuChe-^ also pe<rt1fip*tes in a nimber of state certification programs,

I including those for North Carolina, New Jersey, New York and Florida. All or

these programs require the laboratory to submit to annual on-site inspections in
?
I order to maintain certification to perform testing on samples originating in the

.• .^- state. All states also require successful performance on Inte^laboratory che:'<

• sarcles, submitted a* least annually, though some reciprocity-with the two NC

• programs (one for drinking water and one for wastewater certification) ar.d

USEPA-CLP is allowed under certain circumstances.

. Several states utilize the laboratory's perfomance on the annual Water Supply

I (VS) and Water Pollution (WP) profIclency testing series, orglnating out of the

• EPA Environmental Monitoring and Support Laboratory's performance on all

I Inter laboratory and Intralaboratory check samples, tabulated by parameter and

. method, so negative performance trends can be readily pinpointed.

I
t
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System Audits

A Syste- Audit 1s an on-site inspection and review of the QA Program for the

total laboratory. While Performance Audits are a quantitative appraisal, System

Audits are for the mcst part qualitative 1n nature. The System Audit may be

cither scheduled or unannounced before 1t 1s conducted, but occurs routinely on

at least a quarterly basis. The auditor reviews the laboratories' SOPs to

verify compliance with procedures and activities actually 1n place. Personnel

and facilities are also evaluated during the System Audit. The auditor is
•

require: to investigate anything which seems 1n conflict with the QA Plan, the

lac-oratory or QA SCPs, 0" Good Laboratory Practices.

If deficiencies are observed during a Performance Audit, and if deemed

necessary, the QA Department initiates a Syste- Audit. The audit emphasizes the

actions necessary to correct deficiencies noted 1n the Performance Audit. A

Corrective Action Report is completed, detailing all remedial actions taken, and

reviewed by the Director of QA. The report must Indicate the proposed

Implementation date and the Individuals) responsible for the action.

Kany of the objectives of a routine System Audit are similar to those a client

or Independent auditor would hope to accomplish during an On-S1te Lab:ratr"y

Evaluation and Data Audit. These goals Include ensuring the following:

1. The quality control, including necessary corrective actions , are being
applied

2. Adequate facilities and equipment are available to perform the client's
required scope-of-work

3. The personnel are qualified to perform the assigned tasks

4. Complete documentation is available, Including sample chain-of-custody
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12. PERFORMANCE AND SYSTEM AUDITS

Enseco laboratories participate in a variety of federal and state

certification programs, (including the U.S. EPA CLP), that subject each

of the laboratories to stringent system and performance audits on a

regular basis. A system audit is a review of laboratory operations
conducted to verify that the laboratory has the necessary facilities,

equipment, staff and procedures in place to generate acceptable data. A

performance audit verifies the ability of the laboratory to correctly

identify and quantitate compounds in blind check samples submitted by the

auditing agency. The purpose of these audits is to Identify those

laboratories that are capable of generating scientifically sound data.

Enseco 1s certified to perform environmental analyses under programs

administered by the U.S. EPA, U.S. Army, U.S. Navy, and over 15 states.

The most current 11st of Enseco certifications 1s available upon request.

In addition to external audits conducted by certifying agencies or

clients, Enseco regularly conducts the following Internal audits:

• Quarterly systems audits conducted by the Divisional QA Director.

• Periodic (at least yearly) audits conducted by the Corporate QA
Office.

• Special audits by the Divisional QA Director or Corporate QA Office
when a problem is suspected.

Enseco laboratories also routinely analyze check samples as described

below:

• Laboratory Control Samples (DCS, SCS, and method blanks) are
analyzed at a frequency equal to at least 10% of the total number of
samples analyzed (see Section 11).

• All Enseco laboratories participate in the analyses of EPA check
samples provided under the Water Supply (WS) and Water Pollution
(WP) Performance Evaluation Studies. The results of these PE
samples are tabulated by the Corporate QA Office to identify
performance trends within the Enseco laboratories.
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i • The majority of the Enseco laboratories are CLP labs and thus
analyze organic and/or inorganic CLP PE samples on a quarterly

j basis. The results of these analyses are also tabulated and
j evaluated by the Corporate QA Office.

{ • The laboratories participate in multiple state certification
i programs (including New York, New Jersey and California) which
« require that PE samples be analyzed periodically.

j • Blind check samples from an independent commercial firm are sent to
] the laboratories periodically by the Corporate QA Office. The

frequency and type of samples sent is based on problem areas
> Identified by evaluation of tabulated PE results.

The results of these check samples are used to identify areas where
: additional training is needed or clarification of procedures is required.
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15. CORRECTIVE ACTION

When errors, deficiencies, or out-of-control situations exist, the QA
program provides systematic procedures, called "corrective actions," to

I resolve problems and restore proper functioning to the analytical system.

Laboratory personnel are alerted that corrective actions may be necessary

• QC data are outside the acceptable windows for precision and
accuracy;

• Blanks, DCS or SCS contain contaminants above acceptable levels;

• Undesirable trends are detected in spike recoveries or RPD between
duplicates;

• There are unusual changes in detection limits;

• Deficiencies are detected by the QA department during internal or
external audits or from the results of performance evaluation
samples; or

• Inquiries concerning data quality are received from clients.

Corrective action procedures are often handled at the bench level by the
analyst, who reviews the preparation or extraction procedure for possible
errors, checks the instrument calibration, spike and calibration mixes,
instrument sensitivity, and so on. If the problem persists or cannot be
identified, the matter is referred to the laboratory supervisor, manager
and/or QA department for further investigation. Once resolved, full
documentation of the corrective action procedure is filed with the QA
department. Corrective action documentation is routinely reviewed by the

VP of QA.
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DATA VALIDATION PROCEDURE FOR
EVALUATING INORGANIC DATA

Scope and Application;

This standard operating procedure (SOP) describes Warzyn's procedure for
evaluating Inorganic data according to procedures specified 1n a Quality
Assurance Project Plan (QAPP). Each analytical procedure 1s specific to a
project and 1s found or referenced 1n the QAPP. The reviewer must
evaluate whether the procedure was adhered to and that the required
Quality Control (QC) requirements were met as described 1n the QAPP and
evaluate the usability of the data.

References:

1. Laboratory Data Validation Functional Guidelines for Evaluating
Inorganics Analyses. Hazardous Site Evaluation Division, U.S. EPA,
July, 1988 (or most current).

2. Statement of Work for Inorganics Analysis. U.S. EPA Contract
Laboratory Program, SOW No. 788, July, 1988 (or most current).

3. Quality Assurance Project Plan (QAPP) containing the analytical
procedures required for evaluation. Each QAPP Is specific to a
project.

Requirements:

1. It 1s recommended that the reviewer be familiar with the RAS
Inorganics validation process (refer to the Validation Guidelines and
Statement of Work above) prior to evaluating this data. The
evaluation and action criteria described 1n this SOP are very similar
to the RAS Inorganics validation process.

2. All completed validated data packac;" Tiust Include *u- following:

a. Data Validation Narrative
b. Validated Results; with data qualifiers added and pages stamped
"VALIDATED".

NOTE: It 1s not necessary to Include the raw data with the completed
validated data package, since a copy of the raw data package already exists 1n
the project file. Only Include raw data 1f there are major concerns or
deficiencies with the data set.

Procedure;

Screen the data package to see that the samples and analytes
undergoing evaluation concur with what was requested on the "Rrguest
for Data Validation" form (refer to Figure 1). If discrepancies
occur, contact the data management coordinator for clarification prior
to continuing.



I 2. Review the QAPP and the specific analytical procedure for the analyte
i undergoing evaluation. They will contain:

; a. A summary of the method required and method reference,
; b. The applicable matrices and recommended hold times,

c. An approximate number of samples and matrix,
d. Special technical Instructions,

! e. Required dellverables,
1 f. Data Requirements (Detection Limits, Precision, etc.), and

g. Quality Control Requirements.

, 3. The reviewer must evaluate the data according to the quality control
criteria specified 1n the QAPP. The evaluation of each analyte, 1n
most cases, will Include a review of the following criteria:

a. Methodology,
- b. Raw Data/Quality Control Dellverables,

c. Detection Limits,
d. Holding Times,
e. Calibration (Initial and Continuing),
f. Blanks (Calibration and Preparation),
g. Laboratory Control Samples (EPA Reference Samples),
h. Laboratory Duplicates,
1. Matrix Spikes,
J. Sample Result Verification,

• k. Field Duplicates,
1. Other (as specified 1n the procedure),

; m. Overall Assessment for a Case.

,„.., 4. Evaluate the data for the criteria above as follows:

A. METHODOLOGY

Evaluation
1. Examine the data to determine 1f the acceptable analytical

methodology was used as Indicated 1n the QAPP.

2. Determine 1f the analytical procedure was followed.

Action
1. If an acceptable analytical method was not used, contact the

Project Manager. It 1s the Project Manager's responsibility to
Inform the reviewer to continue the validation process of the data
as received, or to reject the data. In some cases reanalysls or



resampling may be required, however the decision 1s left up to the
Project Manager. The Project Manager may require that the
reviewer determine the "usability" of the data package as
submitted prior to deciding what formal action should be taken.

2. If the analytical procedure was not followed as stated, use
professional Judgement in determining whether the data should be
qualified as estimated or unusable.

B. RAW DATA/QUALITY CONTROL DELIVERABLES

Evaluation
1. The QAPP will specify what Information should be submitted as part

of the data package. Determine whether the data package submitted
1s complete as described 1n the QAPP. Usually the following will
be required:
- Method used,
- Calibration/standardization Information,
- Bench records tabulating the order of analysis of samples,
standards, blanks, duplicates and spikes with the resulting
Instrument readouts and final concentrations. Records submitted
should be complete enough such that all results could be
recalculated from this raw data.
- Photocopy of all Instrument readouts (strip charts, printer
tapes, etc.)
- Reference (QC) samples to be Identified by source, lot number
and sample number, with corresponding true values and 95%
confidence limits provided.
- Custody records

Action
1. If the data package is not complete, contact the data management

coordinator. The data management coordinator will contact the
appropriate laboratory or project manager and obtain the
Information necessary to complete the evaluation process.

C. DETECTION LIMITS

Evaluation
1. Evaluate whether the detection limits required 1n the QAPP were

achieved by the method used.

Action
1. If detection limits were not reported at least to what was

required 1n the QAPP, review the raw data to determine 1f the
detection limits were achievable. If they were, recalculate the
data and report results to the required detection limits.

2. If detection limits were not achievable by the laboratory,
determine why (laboratory sensitivity problem or detection limits
unobtainable for the method used. Inform the project manager of



the situation. The project manager will determine whether the
evaluation should be completed.

D. HOLDING TIMES

Evaluation
1. Determine whether the established holding times were met. The

holding time 1s established by comparing the DATE SAMPLED with the
DATE OF ANALYSIS found on the raw data. Required hold times
should be noted in the QAPP.

2. Examine the digestion/distillation logs to determine 1f samples
were preserved at the proper pH.

Action
1. If hold times were not noted 1n the QAPP, use the EPA-recommended

hold times and apply these hold times to both water and soil
samples.

2. If holding times and preservation criteria are not met, qualify
all results > Instrument Detection Limit (IDL) and estimated (J)
and results < IDL as estimated (UJ).

3. Use professional judgement 1n cases where the holding time 1s
grossly exceeded. The expected bias would be low and the reviewer
may determine that results < IDL are unusable (R).

E. CALIBRATION

Evaluation
1. Verify that the Instrument was calibrated dally and each time the

Instrument was set up using the correct number of standards and
blank. In cases where a curve set-up 1s not applicable (I.e. a
t1tr1metr1c procedure), verify that the tltrants were standardized
as required 1n the procedure.

2. Verify that the correlation coefficient 1s ̂  0.995 (unless
otherwise specified).

3. Verify that the calibration verification standards (ICV/CCV) were
run at the appropriate frequency and that results were within
acceptable limits as stated 1n the QAPP.

4. Recalculate approximately 10% of the ICV/CCV using the following
equation:

ZR = Found x 100
True

Due to possible rounding discrepancies, allow results to fall
within 1% of the contract windows.

Action



If the minimum number of standards as required 1n the QAPP were
not used for Initial calibration, or 1f the Instrument was not
calibrated dally and each time the Instrument was set up, qualify
the data as unusable (R).

If the correlation coefficient 1s < 0.995
QAPP), qualify results > IDL as estimated
estimated (UJ).

(or as specified 1n the
(J) and results > IDL as

3. If standardization of tltrants was required and not performed, use
professional Judgement 1n qualifying the data. The reviewer
should review ICV/CCV, EPA reference sample results and other
criteria prior to determining If the data should be qualified as
estimated (J 1f > IDL; UJ 1f < IDL) or unusable (R).

4. If the ICV/CCV XR falls outside the acceptable limits, use
professional judgement to qualify associated samples. If possible,
Indicate the bias 1n the review. The following guidelines may
assist the reviewer 1n qualifying the data:

- If the ICV/CCV %R 1s significantly greater than the upper
control limit (UCL), qualify associated results > IDL as unusable
(R); results < IDL are acceptable.

- If the ICV/CCV XR 1s significantly lower than the lower control
limit (LCL), qualify all associated data as unuseable (R)

- If the ICV/CCV XR are outside the acceptable limits, yet
relatively close to the limits, qualify associated results as
estimated (J 1f > IDL; UJ 1f < IDL and the XR 1s below the LCL).

F. BLANKS

Evaluation
1. Review the raw data for all blanks and verify the results were

accurately reported.

2. No contaminants should be found 1n the blanks (I.e. all blank
results should be < IDL).

3. Positive blank results must not be corrected by subtracting off
the blank value from the sample results.

Action
1. Sample results ^ IDL but less than 5 times the maximum

concentration found 1n any blank should be qualified as not
detected (U).

2. Any blank with a negative result whose absolute value 1s > IDL
must be carefully.evaluated to determine 1f the sample data is
biased 1n any way.



G. LABORATORY CONTROL SAMPLES (EPA REFERENCE SAMPLES)

Evaluation
1. The laboratory control sample (LCS) serves as a monitor of the

overall performance of the analysis Including all preparation
steps. Review the LCS and verify that the results fall within the
control limits required. (If no limits noted, use 80-120% for the
control limits.)

2. Check the raw data to verify the reported recoveries. Recalculate
one or more recoveries (XR) using the following equation:

LCS XR = LCS Found x 100
LCS True

Action
1. If results are < IDL and the LCS recovery 1s above the UCL, the

data are acceptable.

2. If the LCS recovery for any analyte falls within the range of
50-LCL, or > UCL, qualify results > IDL as estimated (J).

3. If results are < IDL and the LCS recovery falls within the range
of 50-LCL, qualify the affected results as estimated (UJ).

4. If the LCS recovery results are < 50%, qualify the data for the
affected analytes as unusable (R).

5. If a LCS was required and not run, use professional Judgement to
determine whether the data 1s estimated (J) or unusable (R).

H. LABORATORY DUPLICATES

Evaluation
1. Review the duplicate data and verify that the results fall within

the criteria required. If no criteria exist, use the limits of
20X for the Relative Percent Difference (RPD) or ± IDL 1f results
are < 5x IDL (35 RPD or ± 2x IDL 1f > 5x IDL for soils).

2. Review the data and verify that the duplicate analysis was not
performed on a field blank.

3. Check the raw data and recalculate one or more RPD using the
following:



' RPD = IS-Dl x 100
j (S+D)/2

; . where, S » Original sample value
• D - Duplicate sample value.

Action
1 1. If duplicate analysis results for a particular analyte fall
I outside the appropriate control windows, qualify the results for

that analyte 1n all associated samples of the same sample matrix
i as estimated (J).
!

2. If the field blank was used for duplicate analysis, carefully
evaluate all other quality control data and use professional

• judgement 1n evaluating the data.

I. MATRIX SPIKES

i Evaluation
1. Review the matrix spike data and verify that the results fall

. within the limits specified. If no criteria exists, use the
\ limits of 75-125% for both water and soil matrices.

2. Check the raw data and recalculate the % Recovery of at least 10%
'. of the data. Use the following equation to verify that the
I results were calculated correctly:

I %R = (SSR - SR) x 100
j SA

/:~0 Where, SSR = Spiked Sample Result
' SR = Sample Result

SA = Spike Added

\ 3. Review the data and verify that the field blank was not used for
; the spike analysis.

Action
t 1. If the spike recovery 1s > 125% (or > UCL stated In the procedure)
' and the sample results are < IOL, the data 1s acceptable for use.

; 2. If the spike recovery 1s > 125% or < 75% (> UCL or < LCL stated 1n
! the procedure) and the sample results are > IDL, qualify the data

for these samples as estimated (J).

| 3. If the spike recovery falls within the range of 30-74% (30-LCL)
! and the sample results are < IDL, qualify the data for these

samples as estimated (UJ).

4. If any spike recovery results are < 30% and the sample results are
< IDL, qualify the data for these samples as unusable (R).



5. In cases where more than one spike analysis was performed and one
or more %R results were outside acceptable ranges, use
professional Judgement when qualifying the data. Matrix spikes
should be performed on each sample matrix. Qualify data of
similar matrix as the spiked sample 1f different matrices 1n the
data package.

6. If the field blank was used for the spike analysis, carefully
evaluate all other quality control criteria and use professional
Judgement in evaluating the data.

J. SAMPLE RESULT VERIFICATION

Evaluation
1. Examine the raw data to verify the analyte quantltatlon was

calculated as stated 1n the procedure. Re-calculate a minimum of
10% of the sample results to verify results were calculated
correctly.

2. Examine the raw data for anomalies such as baseline drift,
negative absorbances (Indicative of Interfences), omissions, etc.

3. Verify there are no transcription or reduction errors (dilutions,
percent sol Ids, sample weights) on at least 10% of the samples.

4. Verify that all results fall within the calibrated range.

Action
1. If any discrepancies are found and can be corrected, make the

corrections and note. Increase the level of quality control 1f
necessary. If the discrepancy cannot be resolved by the reviewer,
contact the data management coordinator. The laboratory or
appropriate agency will be contacted and the Information necessary
to complete the evaluation will be requested. The project manager
should be Informed of the delay in the validation process. If any
discrepancy remains unresolved, use professional Judgement 1n
qualifying the data.

K. FIELD DUPLICATES

Evaluation
1. Field duplicate samples measure field and lab precision and

therefore the results may have more variability than lab
duplicates. Review the field duplicate data and calculate the
RPD. No criteria exists for evaluating the data.

Action
1. If the RPD is > 5Q%, note in the narrative. Use professional

Judgement 1n qualifying any data. Review the raw data to verify
that no reduction errors exist. This is to verify that the
discrepancy is due to sampling techniques (sampling, preservation,



filtering, etc.) rather than laboratory error. Make notation of
the discrepancy 1n the narrative.

L. OTHER (as specified 1n the procedure)

Evaluation
1. Review the procedure for any other quality control criteria not

covered under the above sections. Examples of additional
Information required may be: ICP Interference check samples,
special AA quality control checks, distilled/digested blanks and
standards, standardization, specific methodology requests for
different concentration levels, etc..

Action
1. If specific quality control criteria were required and not

followed, the project manager should be Informed.

2. If the data was outside the acceptable ranges, use professional
Judgement In qualifying the data. Clearly Identify your action
and Justification of the action 1n the narrative.

M. OVERALL ASSESSMENT FOR A CASE

1. It 1s appropriate for the reviewer to make professional Judgements
and express concerns and comments on the validity of the overall
data package. This 1s particularly appropriate when several QC
criteria are outside specifications. It 1s the reviewers
responsibility to thoroughly document and explain all data
validation qualifiers added to the data.

2. The following 1s a summary of data validation qualifier
definitions which can be used 1n evaluating the data:

U The material was analyzed ,^,, but was not .̂.icted above the
level of the associated value. The associated value 1s either
the sample quantitation limit or the sample detection limit.

J The associated value 1s an estimated quantity due to quality
control criteria not being met.

R The data are unusable. The analyte may or may not be present.

UJ The material was analyzed for, but was not detected. The
associated value 1s an estimate and may be Inaccurate or
Imprecise.

5. Once the data has been evaluated against all of the points described in
part 4, the evaluator can prepare the data validation narrative.

The data validation narrative should be a summary of the data quality
indicating any problems or deficiencies found with the data set. If



possible, on data qualified as estimated, note 1f the data 1s biased
high or low. It 1s easiest to discuss each analyte separately. Refer
to Figure 2 for the form to be used when writing the data validation
narrative.

6. Record any data validation qualifiers (DVQ) to the left of the results
on the analytical report. The laboratory qualifiers (LQ) will usually
recorded to the right of the result by the laboratory who performed the
analytical work. A copy of the lab qualifier definitions should be
supplied with the data. Data entry people need to be able to
distinguish between DVQ and LQ, so note location of qualifiers 1f
located other than above.

7. Record the sample ID and date sampled as noted on the Chain of Custody
on the analytical report.

8. Hlllght POSITIVE-HIT data with a hlUghter.

9. Stamp all of the analytical reports "VALIDATED". A "VALIDATED" stamp
can be obtained from the data management coordinator.

10. Sign and date the Data Validation Request Form.

11. A quality control review needs to be performed on the validated data
package. The entire validated data package (Including raw data,
evaluator's notes and narrative) should be submitted to the QC reviewer
for a final review.

Quality Control Review;

1. The purpose of this quality control review 1s to verify that the data
were validated according to the guidelines above, that all data
validation qualifiers were added and also that the narrative 1s
complete.

2. Review the validated data package for completeness. The data package
should contain the following:

- Data Validation Request Form
- Inorganic Data Validation Narrative
- Validated Analytical Results

3. Verify that results exist for all samples and all analytes requested 1n
the data package.

X

^. Review the data validation narrative with the validated results for
consistency, I.e., 1f the narrative stated that a particular analyte
was qualified, verify that the qualifier has been recorded with the
associated data. Check approximately 10% of the qualifiers. If
discrepancies are found, Increase the level of QC checks.



• 5. Review the narrative; check that the data has been evaluated according
I to the quality control criteria specified 1n the QAPP.

I 6. Verify that all positive-hit data have been hlUghted and that the
| sample descriptions and sampling dates have been recorded on every

result page.

j 7. Verify that the reviewer has signed and dated the validated data
• package.

: 8. If no discrepancies exist, sign and date the Data Validation Request
i Form. If the data package requires clarification, review the raw data

and/or obtain clarification from the reviewer.
«

9. Deliver the final validated data package to the Data Management
Coordinator when the quality control review 1s completed.

10. Recycle any raw data. Raw data 1s not submitted with the final
i validated data package.



APPROVED BY: REVISION DATE:

Kevin J. DomacK
Environmental Scientists Section Leader

DanleTW. Hall
Environmental Division Director



Site Name

SMO Case I (SAS I)

Laboratory

SOW I

Sample Numbers

Validated By _

Reviewed By

SUMMARY OF REVIEW:

INORGANICS
DATA VALIDATION NARRATIVE

Project #

#Samples/Matrix

Hours for Review

EPA Validation Guidelines #

Date

Date

CAW/.dlk/KJD
[dlk-601-22]
60721-MD



APPENDIX H

WARZYN'S PREVENTATWE MAINTENANCE PROCEDURE



INORGANIC - DAILY QUALITY CONTROL PROCEDURE

i Scope and Application: Daily check of dessicants, instruments, refrigerators
and freezer, deionized and Milli-Q water systems to
ensure data produced each day is of top quality.

Dessicant: Dri-Rite, an anhydrous compound, is kept in the bottom of each
dessicator. When Dri-Rite is blue, it is ready to use, but when a
pink shade begins to form, it must be dried in an oven set at 103-
105°C until no pink color can be detected. Record date dried in
comments section. Record initials and date of daily check in the
log book.

jfriqerators and Freezer: Temperature of each of the refrigerators are to be
recorded in the equipment record book daily.

Instrument

Walk-in cooler #1
Walk-in cooler #5
Silver Raetone #2
Gold General Electric #3
White Frigidaire #4
BOD Incubator

Acceptable Range

4.0'C ± 2.5'C
4.0'C ± 2.5'C
4.0'C ± 2.5'C
4.0'C ± 2.5°C
4.0'C + 2.5'C
20.0'c~+ 1.0'C

1. Each of the refrigerators, freezers and incubators should routinely
be defrosted when ice build-up occurs.

2. If fluctuations in temperature do occur, report the occurance to the
lab superivisor immediately. Note in maintenance records.

Instruments: In-lab balances, pH meter, and conductivity meter are to be
checked daily against known standards. An Instrument Operating
Procedure (IOP) is located in each of the instruments
representative log book.

Balance: The Sartorius and Cahn balances are calibrated with standard
weights kept in a dessicator. The weights are to be handled
with plastic forceps. Each weight is to be recorded in its
representative place in the log book. Acceptable ranges are
listed in each IOP.

pH Meter: The pH meters are calibrated with fresh buffers daily according
to the pH SOP. Record the reading of the pH 10.00 buffer in the
log book also. The acceptable range for the pH 10.00 buffer is
9.90 - 10.10.

[INORGSOP]
DQC1-1



Note: The inner electrode solution should be checked periodically to
ensure accurate readings.

Conductivity *T.. "*•; The Lab-Line or the YSI conductivity meter is checked
daily against a KCL standard of known concentration.
Check the meter according to the IOP located in the log
book. The acceptable range is 90-110% of the true value.

Deionized and Milli-Q Water Systems:

D.I.; The D.J. system functions with ion-exchange cartridges located
in the sample storage room. Two warning lights are attached to
the tanks to ensure they are operating properly. Each day,
these lights must be checked. If one or both are out, the
supplier must be notified to replace the tanks. Record tank
change dates in the log book.

Note: If both lights are out, D.I. water cannot be used
until tanks are replaced.

Milli-Q: The Milli-Q water should be checked with a conductivity meter.
Conductivity should be no greater than 1 umhos/cm @25'C. The
Milli-Q system calibration must also be checked daily. This is
done by turning on system and letting pressure build, then
depress test button. Reading should be at least 10 megohms/cm.
Record in log book. (16 megohms/cm maximum load).

Revision Date

8-18-87
Michael J. Linskens
"Director, Technical Services 3-<5-Q£>

KUYva sV
Kim D. Finner
Laboratory Manager

[INORGSOP]
DQC1-2
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BlaclcweU Landfill NPL Site REVISION. Final
DuPage County, Illinois DATE: January 28,1991

SECTION 1
INTRODUCTION

A Work Plan (WP), a Field Sampling Plan (FSP), a Quality Assurance Project Plan
(QAPP), and a Site Specific Health and Safety Plan (HSP) have been developed for
conducting the Remedial Investigation/Feasibility Study (RI/FS) at the Blackwell
Landfill NPL Site (Blackwell Site) in DuPage County, Illinois. Each of the plans has a
specific purpose, and efforts have been made to avoid duplication of focus in the
documents.

This document is the FSP. Section 1 presents a brief review of the site background.
Section 2 identifies the scope and objectives of the FSP toward conducting an RI/FS at
the Blackwell Site. Section 3 provides the detailed listing of the sampling locations and
sampling frequency. Section 4 describes the sample designations which will be used
during the field investigation. Section 5 lists the sampling equipment and describes
procedures for use during the RI. Section 6 describes the decontamination procedures
which will be followed during all site activities, and Section 1 summarizes the sample
handling and analysis procedures.

Site Description and Site History
The Blackwell Landfill NPL Site is located within the limits of the Roy. C. Blackwell
Forest Preserve near the intersection of Butterfield and Warrenville Roads in Section 26,

Township 39 North, Range 9 East, DuPage County, Illinois (Figure 1).

The landfill was developed by the DuPage County Forest Preserve District, and covers

approximately 40 acres. Approximately 1.5 million cubic yards of refuse were disposed
of in the landfill over the period 1965 to 1973. The landfill accepted mainly household
refuse, yard wastes, and light industrial wastes.

The original design of the landfill consisted of a series of overlapping cells, constructed
with clay side berms and liners. Some doubt exists as to how strictly the original design

criteria were adhered to during construction.
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Geologic information for the site has been documented by soil borings made for the
more than 50 monitoring wells which have been constructed in several previous
investigations. Boring logs exis. for each of the monitoring wells, and are included as an
Appendix to the Work Plan. Geologic cross sections have been developed and are also
included in a Work Plan Appendix.

Quarterly groundwater monitoring was initiated at the site monitoring wells in 1983; the
analytical parameters included volatile organic compounds and several inorganic water
quality indicators. The sampling procedure was developed in consultation with
representatives of the IEPA to assure a sampling procedure matching the U.S. EPA
protocols. It included the purging of each well prior to sampling, collection and
preservation of samples, chain- of-custody procedures, and the collection of field
duplicates and blanks.

A total of twenty-one different volatile organic compounds (VOCs) have been detected
in groundwater at the Blackwell Site at one time or another, but five have been most
commonly detected:

Abbreviation Compound

1,2-DCA 1,2-Dichloroethane
1,1-DCA 1,1-Dichloroethane
1,2-C-DCE 1,2-Cis-Dichloroethylene
1,2-T-DCE 1,2-Trans-Dichloroethylene
TCE Trichloroethylene

Volatile organic concentrations within the groundwater have exhibited stable or
decreasing trends since first sampled in 1983.

The Site was assigned a Hazard Ranking System (HRS) score of 35.57 by the U.S. EPA
in March, 1986. Final listing on the National Priorities List (NPL) occurred on February
21,1990.

A more detailed description of the Site history and background is contained in the Work
Plan.
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SECTION 2
SCOPE AND OBJECTIVES

Scope
This Sampling Plan describes the procedures and practices to be used in obtaining site
investigation data for use in the Remedial Investigation/Feasibility Study (RI/FS).
These procedures include a description of the sample designation system, personnel and
their responsibilities, and the sampling methods to be employed. The activities discussed
in subsequent sections of this Sampling Plan include:

• exploratory drilling;

• surface water, monitoring well, and leachate well liquid level measurements;

• groundwater, surface water, soil and sediment sampling;

• monitoring well installation and aquifer testing;

• meteorological data collection;

• sampling of water supply wells;

• leachate sampling; and

• landfill gas sampling.

Objectives
The primary objective of the sampling activities uescribed belovv i* to obtain
representative data to be used for the RI/FS analysis. Sampling activities described in
this plan will be performed to complete the site investigation subtasks of the RI.

Data use objectives of the site investigation subtasks include:

• Characterization of source areas;

• Delineation of potential migration pathways off-site;

• Description of the site hydrogeological and hydrologic settings;

Collection of sufficient data to support an endangerment assessment; and

• Collection of sufficient data to complete a Feasibility Study.
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SECTION 3
SAMPLING LOCATIONS AND NUMBERS OF SAMPLES

Field activities will include investigation activities and sampling to characterize the
geology and hydrogeology in the landfill vicinity, analyze leachate characteristics and
groundwater characteristics, and evaluate surface water quality and the potential for
contamination of bottom sediments by discharging groundwater.

Table 1 summarizes the data generating activities which will be conducted during the RI.
Table 2 lists the estimated number of samples of each sample type to be collected during
the RI. Table 3 lists the sample quantities, container types, preservatives and packaging
procedures.

Regional and Local Geology
Existing site and regional data will be evaluated to develop the geologic characterization
for the site. Additional work will be conducted in this investigation to determine the
extent and thickness of the clay confining layer west of the landfill.

Geophysical Investigation
A geophysical investigation utilizing shallow seismic reflection will be performed to
evaluate the extent of the clay confining layer and the depth to bedrock in the area of
uncertainty west of the landfill. The area over which this investigation will be performed
is illustrated in Figure 2.

Exploratory Drilling

A program of exploratory drilling will be performed to confirm the results of the
geophysical survey. Hollow stem auger probes will be used to verify the elevation of the
top of the clay, clay thickness, and depth to bedrock determined with the shallow seismic
reflection method. The results of the geophysical survey will be used to choose the
locations where auger probes will be performed. The results of the auger probe drilling
program will be used in conjunction with the geophysical investigation results to
determine monitoring well nest locations.
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Soils and Vadose Zone
Soil Sampling
Two soil samples will be obtained in the area of past leachate seeps to determine if soil
contamination is present. An additional soil sample will be obtained in a Site
drainageway. The sampling locations are illustrated in Figure 3.

Each soil sample will be analyzed for full TCL/TAL parameters.

Surface Water Hydrology
The surface water investigations at the Site involve obtaining water level measurements,
and surface water and sediment samples for chemical analysis.

Water Level Measurements
Staff gages will be installed in Silver Lake, the closed Swim Lake, the Supply Lake,
Spring Brook, and the West Branch of the DuPage River. Silver Lake, the Swim Lake,
and the Supply Lake, will each have one gage installed. Four gages will be installed
along Spring Brook; and two will be installed along the West Branch of the DuPage

River. Figure 4 illustrates the gage locations.

During the course of the investigation, water levels will be measured four times at the
staff gages, in the monitoring wells identified and constructed for the investigation, and
in the piezometers (Table 4).

Piezometer Installation
Three piezometers will be installed along Spring Brook adjacent to surface water level
monitoring points. One piezometer will be installed between Silver Lake and the Swim
Lake. Piezometer locations are illustrated in Figure 4.

Surface Water/Sediment Sampling
Surface water and sediment samples will be collected from the following locations. At
Silver Lake, samples will be collected at three locations. At the Swim Lake and Spring
Brook, samples will be collected at two locations. The sample collected at the southeast
corner of Silver Lake will be obtained to represent background conditions. One sample
will be collected at the Supply Lake.
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Each surface water sample will be analyzed for full TCL/TAL and indicator parameters;
each sediment sample will be analyzed for full TCL/TAL parameters. The surface
water/sediment sampling locations are illustrated in Figure 5.

One round of sampling is anticipated for surface water and sediment sampling locations.
A second round may be performed, with a reduced parameter list, if contamination is
found and water levels indicate that groundwater is discharging to the surface water body
where contamination is found.

Hydrogeologv

Additional activities to be performed to characterize the hydrogeologic conditions at the
site include the installation of monitoring wells, sampling of existing and newly-installed
wells, collection of aquifer and aquitard samples for physical testing, and bail testing of
selected wells.

Monitoring Well Construction
Nested monitoring wells will be installed at two locations identified by the auger probe
and geophysical surveys as being within the "window" where the clay confining layer may
be absent. Each nest will contain two wells. In each nest, a well will be screened at the
base of the sand and gravel zone, and a well will be screened just below the bedrock
surface. Each well will have a five-foot screen. Each well in a nest will be installed in a
separate borehole.

Groundwatcr Sampling. Monitoring Wells
Two rounds of sampling and analysis will be performed at 25 wells. These 25 wells
consist of 21 existing wells, and the four new wells to be installed during the RI/FS.

Each sample will be analyzed for the following parameters during the first sampling

event:

• U.S. EPA CLP TCL and TAL parameters;

• Alkalinity;
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Chloride;

• Sulfate;

• Nitrate + Nitrite;

• Ammonia;

• Total Kjeldahl Nitrogen; and

• Total Dissolved Solids (TDS).

The parameter list may be reduced during the second round of sampling, if certain
classes of contaminants are found to be absent during the first sampling round.

Field measurements which will be obtained at the monitoring wells include:

• Temperature;.

• pH; and

Specific Conductance.

Groundwater samples collected for U.S. EPA CLP TAL metals analysis will be field
filtered at the wellhead with 0.45 micron filters prior to preservation. Groundwater
samples collected for cyanide, organics, and indicator parameters will not be filtered.

Figures 6 and 7 illustrate the locations of the wells to be sampled. Table 5 summarizes
information regarding the screened formation of each well, and the position of the well
with respect to site groundwater flow directions.

Appropriate sample containers, preservatives, and packaging are described in Table 3.

Four rounds of water level measurements will be obtained at the 25 selected
groundwater monitoring wells. These rounds will coincide with the measuring of water
levels at the staff gages and piezometers described previously. Figures 6 and 7 illustrate
the locations of the wells which will be utilized for water level measurements. Table 4
lists the locations and dates for water level measurements.
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Aquifer Tests
Two samples will be collected during drilling at each of the new monitoring wells for
physical testing. The physical testing to be performed will consist of grain-size analysis,
and if applicable, Atterberg limits, cation exchange capacity, and moisture content. One
sample at each location will be collected at approximately five feet above the bedrock
surface to represent the upper aquifer material. The second sample at each location will
be taken of the material directly overlying the bedrock. Approximately two to four
pounds of sample are needed for these physical tests. In order to ensure that adequate
sample volume is obtained, samples will be obtained with a 3-inch diameter continuous
sampling device where possible, or a 3-inch diameter split spoon.

Bail testing will be performed at ten of the Site monitoring wells. Four of the wells
tested will be the monitoring wells installed for the RI/FS; the remaining six will be pre-
existing wells. Locations of the wells selected for bail testing are shown in Figure 8.

Meteorological Data Collection
During the course of the RI, daily temperature and precipitation amounts will be
recorded at the FPD nursery. The nursery is located about one mile north of the landfill.
Wind direction and velocity records will be obtained over the same time interval from
the DuPage Airport.

Groundwater Sampling. Water Supply Wells

Twenty-six water supply wells in the Site vicinity have been identified for water sampling.
One of the wells is located east (upgradient) of the Site; four of the wells are located
southwest of the Site; and 21 wells are located west (downgradient) of the Site.

The wells will be sampled for volatile organic compounds.

The locations of the 26 wells that have been tentatively identified for sampling are
illustrated in Figure 9.
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Identify and Quantify Sources of Contamination

PAGE 9 of 37
REVISION: Final

DATE January 28, 1991

Activities which will be performed to aid in the characterization and quantification of
existing contaminant sources include the measurement of leachate
headwells, collection of leachate samples, and sampling of the landfill
headwells.

Leachate Volume Evaluation

levels in existing
gas at the existing

Leachate levels at all existing headwells will be measured six times during the course of
the remedial investigation (Table 4).

Landfill Leachate Sampling
• • Leachate sampling will be performed at four of the existing headwells at the Site. The

following parameters will be analyzed at each well:

• U.S. EPA CLP TCL and TAL parameters;

J • Alkalinity;

| • Chloride;

• Sulfate;

I • Nitrate + Nitrite;

]
r ^ • Ammonia;^

• Total Kjeldahl Nitrogen; and

I • Total Dissolved Solids (TDS).

J Field measurements which will be obtained at the leachate wells include:

I • Temperature;

• pH; and

I • Specific Conductance.

I Figure 10 illustrates the locations of the headwells to be sampled.

1

1
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Landfill Gas Sampling
Gas flow will be measured at each of the existing headwells/vents on two separate
occasions. Two high flow vents will be selected and sampled. The gas samples will be
analyzed for VOCs. Vents will be selected to represent different areas of the landfill,
(i.e., if two adjacent vents exhibit the highest flow rates, only one will be sampled, and
another vent at least 500 feet away will be sampled).

Quality Assurance Sampling
Quality Control samples will be collected during sampling activities associated with the
chemical characterization of leachate, groundwater, surface water, soil, and sediment.
Quality control samples will consist of sample duplicates, field blanks, trip blanks and
matrix spike/matrix spike duplicate (MS/MSD) samples as described below.

Field Blanks (FB)
For sediment samples and soil samples, no field blanks will be collected due to the
unavailability of suitable blank material. For water samples, field blanks will be prepared
for each matrix type and container size. Field blanks will be prepared according to the
following schedule for each sampling activity:

• One field blank for every 10 or fewer samples of water collected.

• For each sampling period, a minimum of one blank for each group of
parameters per sample matrix will be collected.

The field blank samples will be prepared using "Milli-Q" water. The water will be routed
through the decontaminated bailer or sampling puin^ ior monitoring v^,* sampling
blanks before it is transferred to the sample container. If appropriate, the sample will be
passed through the filtration equipment before placing it in the sample container.

Tri Blanks
A trip blank for volatile organic analysis (VOA) will be included in each sample
shipment containing water matrix samples for VOA analysis. The trip blank will consist
of 2 40-ml VOA vials filled with "Milli-Q" water. It will be prepared in the office or
laboratory, transported to the field and shipped with the other samples to the designated
laboratory without being opened. It will be packaged using standard procedures as for
other sample bottles.
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Matrix Spike and Matrix Spike Duplicates (MS/MSD^i
For water samples, one sample per group of 20 or fewer samples collected for organics
analysis during each sampling activity will be selected for matrix spike/matrix spike
duplicate (MS/MSD) analysis. For VOCs, triple the normal sample volume will be
collected. Extractable organics will require double the normal sample volume.

Sample Duplicate
Sample duplicates will be collected at the following frequency. One duplicate sample
will be collected for each increment of 10 or fewer samples collected from each matrix
during each sampling event. Double the normal sample volume will be collected at the
location where the duplicate sample is being obtained, and will be split between the
original sample and the duplicate. The duplicate sample will be collected utilizing the
same sampling device as the original sample.
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SECTION 4
SAMPLE DESIGNATION

A sample numbering system will be used to identify each investigative and quality
J control sample. Each sample identified will include the project identified code, sample

type and location code, and a sampling event code. The sampler will maintain a log book
T containing the sample identification listings.

j Project Identified Code

i A two-letter designation will be implemented to identify the sampling site. The project
identifier will be "BW to signify this site investigation.

« "

Sample Type and Location Code
| ~ Each sample collected will be identified by a two-letter code corresponding to the
* sample type. Sample type codes to be used for the subtasks covered in this Sampling
. Plan include:

• GW -groundwater sample from monitoring well

* • LL- leachate sample from leachate head well

] • LG- landfill gas sample from leachate head well

• SB- split spoon or soil boring sample
T ::."'''•'•

* .-*'

* • SD- sediment sample

* SS - soil sample

. • SW - surface water sample

• PW - groundwater from a private residential well
f
4 • FB- field blank

i • TB- trip blank

Other letter designators may be added for sample activities of later subtasks.



I Field Sampling Plan
Blackwell Landfill NPL Site
DuPage County, Illinois

PAGE 13 of 37
REVISION: Final

DATE: January 28,1991

I

The location code will follow the sample type code. The location code consists of a two-
to-five-digit numeric or alpha-numeric code that indicates the sample location. Surface
water, sediment, field blanks, trip blanks and air samples will use a consecutive
numbering system starting at 01, assigned in the field.

Sampling ftpi^d Code/Duplicate Code
A two-digit numerical code will be used to designate additional location information.
Duplicate samples will be designated by the Round code preceded by a 9. Matrix spike
and matrix spike duplicate samples are collected as additional sample volume at selected
locations.

Although identified as such on chain-of-custody records, specific sampling codes will not
be provided for matrix spikes or matrix spike duplicate samples.

Examples of Sample Numbers
Examples of sample number codes are as follows:

Sample Number

• BW-GWMW01A-01

• BW-GWMW01A-91

• BW-LLW05-01

• BW-SW02-01

• BW-SD03-01

Sample Description

Blackwell, groundwater sample from monitoring well
MW01A, first round sample.

Blackwell, duplicate groundwater sample from
monitoring well MW01A, first round sample.

Blackwell, groundwater sample from leachate well
LW05, first round sample.

Blackwell, surface water sample from location number
2, first round sample.

Blackwell, sediment sample from location number 3,
first round sample.
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SECTION 5
SAMPLING EQUIPMENT AND PROCEDURES

Regional and Local Geology
Geophysical Investigation
Objectives. The objectives of the geophysical investigation are to: (1) evaluate the
thickness and extent of the clay confining layer in the area of uncertainty west of the
landfill, and (2) provide information to assist in the placement of monitoring well nests.

Personnel and Responsibilities. A team of three individuals will be responsible for
performing the geophysical survey. The geologist/engineer will operate the instruments
and the assistants will lay out geophone arrays and download data files.

Methods. A shallow high resolution seismic reflection survey will be performed in an
attempt to define two stratigraphic contacts within the subsurface materials at the site.
The stratigraphic contacts to be located are the contact between the sand/gravel aquifer
and the underlying clay confining layer and the contact between the clay confining layer
and the underlying dolomite bedrock. The basic premise behind the shallow high
resolution seismic reflection method is that there must be detectable seismic velocity
changes between the geologic units of interest. This should be the case at the Blackwell
Site.

Equipment required for the seismic survey includes: (1) a high frequency energy source,
(2) an internal floating point (EFP) seismograph, and (3) an array of geophones. The
areas over which the survey will be performed are illustrated in Figure 2.

The following method will be followed in performing the survey:

• Geophones will be laid out along lines with an appropriate spacing, based upon
an initial survey of the area.

• A high frequency energy source will generate the signal to be reflected by the
geologic strata and recorded by the geophones.
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• A 24-channel seismograph will be used to record the reflected signal.

• The records generated by the seismograph will be processed utilizing
appropriate methods.

I Exploratory Drilling
Objectives. The objectives of the auger probes are: (1) to confirm the results of the

| geophysical survey, (2) to map the bedrock surface in the area west of the landfill where
the clay confining layer may be absent, and (3) to determine the presence or absence,

{ and the thickness, of the clay confining layer in this area,
l

i .--. Personnel and Responsibilities. Auger probes will be installed by a two person drilling
i crew. The drilling crew will be supervised by a geologist or field engineer. The

geologist/engineer will be responsible for logging borings and collecting soil samples.
i
l

Methods. A series of hollow stem auger probes will be performed down to bedrock in
I the area illustrated in Figure 2. The number of auger probes performed, and their
' location, will be chosen on the basis of the geophysical investigation. Assuming that
• hollow stem augers can be utilized to advance the boreholes, the following procedure
| will be followed:

1 • The borings will be advanced with 4 1/4-inch inner diameter (I.D.) hollow stem
augers, or augers of other suitable diameter.

A split spoon sample will be attempted at each 2 1/2-foot interval to a depth of
10 feet above the anticipated bedrock surface. Split spoons will be driven 2 feet,
unless site conditions do not allow a full 2-foot drive (e.g., refusal after a drive of
lesser length in sand and gravel deposits). Either a 2- or 3-inch diameter split
spoon, or a 3-inch diameter continuous sampling device, will be used to retrieve
samples.

Split spoon samples will be obtained continuously over the remainder of each
boring until the bedrock surface is encountered.

Cuttings will be containerized and tested by the FPD for proper disposal. Each
borehole will be sealed with a bentonite slurry after termination at the bedrock
surface.



I
1
I
I
I
I
1
1

Field Sampling Plan PAGE; 16 of 37
Blackwell Landfill NPL Site REVISION: FinaJ
DuPage County, Illinois DATE January 28,1991

If site conditions prevent the use of augers, rotary drilling with an appropriate drilling
mud or clean water may be used, in combination with driven temporary casing. The
following procedures will be utilized if these methods are needed to complete the auger
probes:

• A drilling fluid consisting of either clean water or a clean water/drilling mud
mixture will be prepared.

I

I

1

I

1
• The boreholes will be advanced with either a 3 7/8-inch diameter or a 4 7/8-inch

I diameter roller rock bit. Samples will be obtained on 2 1/2-foot intervals with a
split spoon sampling device until a depth of 10 feet above the anticipated
bedrock surface. Continuous split spoon samples will be obtained over the

f remainder of the borehole down to the bedrock surface. Split spoons will be
' driven 2 feet, unless site conditions do not allow a full 2-foot drive (e.g., refusal

after a drive of lesser length in sand and gravel deposits). Either a 2- or 3-inch
| diameter split spoon will be used to retrieve samples.

• A temporary casing will be installed to retain an open borehole and limit the
: movement of drilling fluids into the surrounding aquifer materials. It is expected

that 4-inch or 5-inch diameter steel casing will be used. After each 2 1/2 foot
, interval is sampled, the casing will be driven over the sampled interval, field
I conditions permitting, and the interval will be washed out with a roller rock bit.

Over the continuously sampled portion of the borehole, the casing will be driven
, after each sample is obtained, if field conditions permit.

• Cuttings will be containerized, and tested by the FPD for proper disposal. After
each borehole is terminated at the bedrock surface, it will be backfilled with a
bentonite slurry.

Soils observed during drilling will be described utilizing the Unified Soil Classification
System (USCS). Appendix A contains a description of the USCS, and other descriptive
terms used by Warzyn for soil sampling purposes. A copy of Warzyn's field soil boring
log form is also included. Samples retained from each split spoon will be scanned with
an HNu or OVA It is anticipated that the borings will be approximately 40 to 50 feet in
depth.

Auger probe locations will be surveyed by a licensed surveyor.
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Soils and Vadose Zone
Soil Sampling

Objectives. The objective of the soil sampling task is to characterize possible soil
contamination present areas of past leachate seeps and in a Site drainageway.

Personnel and Responsibilities. Soil sampling will be performed by a geologist/engineer
or a technician.

Methods. Soil samples will be obtained over the interval 0-12 inches beneath the ground
surface. The following procedure will be followed to obtain the samples:

• A hand auger will be used to obtain the samples over the desired interval.

• After acquisition, sample material will be placed in a stainless steel pan.
Samples obtained for VOA analysis will immediately be placed in the
appropriate sample jars and sealed. Samples for other constituents may be

i composited in the pan with a stainless steel scoop before being placed in sample
I Jars.

! Surface Water Hydrology
' Water Level Measurements
I Objective. Surface water level measurements will be obtained to provide information
i regarding surface water/groundwater interactions at the Site.

i •-•"' Personnel and Responsibilities. One individual, either a geologist or a technician, will be
_ responsible for obtaining surface water level measurements.

* Methods. Staff gages will be constructed by driving five to six-foot lengths of fence post

I
T-bar at each monitoring location. The elevation and location of each gage will be
surveyed and plotted on the base map. Surveying will be performed by a licensed
surveyor relative to the National Geodetic Vertical Datum (NGVD) of 1929. An

1 attempt will be made to make water level measurements to .±0.01 ft at the staff gages; if
this is not possible, measurements will be made to .±0.05 ft. Water elevations will be

! referenced to the NGVD datum, and plotted on the Site map, along with piezometric
* elevatious, to determine the configuration of the water table.
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Piezometer Installation
Objectives. The objectives of the piezometer installations are: (1) to provide
information on groundwater elevations in the immediate vicinity of Spring Brook, and
(2) to provide information regarding groundwater elevations between Silver Lake and
the Swim Lake. The information on groundwater elevations obtained from the
piezometers will allow analyses of the recharge/discharge relationship between Spring
Brook and the groundwater flow system. The information will also assist in the
interpretation of the flow system between Silver Lake and the Swim Lake.

Personnel and Responsibilities. Piezometers will be installed by a two person drilling
crew. The drilling crew will be under the supervision of a geologist or a field engineer.
The geologist/engineer will be responsible for directing the installation of the
piezometers.

Methods. Piezometers will be installed adjacent to three of the staff gages installed in
Spring Brook (See Figure 4). Each piezometer will be constructed of 1 1/2-inch I.D
Schedule 40 PVC casing and screen. Screens will be five feet in length. The piezometers
will be installed only for the purpose of obtaining groundwater elevations, and will not be
sampled.

It is anticipated that the following procedures will be employed during the installation of
the piezometers. Procedures may be modified based on field conditions encountered.

• The boring for each piezometer will be blind drilled with hollow stem augers to
the desired depth.

• Each piezometer will be installed such that the top of the five-foot screen is at
the top of the water table.

No. 30 flint sand or equivalent will be placed in the annular space around the
screen and to an elevation two feet above the top of the screen.

• A bentonite pellet seal at least two feet in thickness will be placed over the sand
pack and hydrated.
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• The remainder of the annular space will be filled with a bentonite slurry utilizing
a tremie pipe. A cement/bentonite grout may be used in the upper portion of
the borehole to provide stability for the well riser.

• Each piezometer will be equipped with a locking cap.

Surface Water/Sediment Sampling
Objective. The objective of the surface water/sediment sampling is to document the
potential effects of the discharge of groundwater to surface water bodies at the Site.

Personnel and Responsibilities. Either one person (geologist or technician) or a two
person team, consisting of either a geologist or engineer and a technician, will collect

I surface water and sediment samples. The number of staff required will depend on the
location to be sampled. Where necessary, a rowboat will be provided by the FPD for

] ~ sampling in the lakes. The sampling personnel will provide their own site safety
4 monitoring.

Methods. At each location, the surface water sample will be obtained prior to the
sediment sample. Where appropriate, the sampling sequence will be from the most
distal downstream location to the furthest upstream location. As the concern for the
surface water bodies at the site regards the effect of discharging groundwater through the
bottom sediments, surface water samples will be obtained as near the bottom of the
surface water bodies as possible without disturbing the sediment. Locations of surface
water and sediment samples will be marked for later surveying. When samples are
obtained in deep water where it is difficult to place a marker, locations will be marked
nearshore. When necessary, samples will be obtained from a rowboat supplied by the

FPD.

Surface water samples will be obtained in the following manner:

• A weighted tape or calibrated rod will be used to determine the depth to the
bottom at the selected sampling location.

• A sufficient time period will be allowed prior to sampling to allow settling of any
sediment disturbed by the depth measurement.
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• A Kemmerer sampler will be lowered to an appropriate depth, and the sampling
port will be opened to collect the surface water sample.

• Surface water samples will not be filtered prior to containerization.

The sediment samples will be collected in the following manner:

• Sediment samples will be collected at the same locations as surface water
samples.

• A sediment sampling tube equipped with a check valve and steel catcher will be
lowered to the bottom of the surface water body.

• The weight of the sampling tube will drive the unit into the bottom sediments.
Upon impact with the bottom, the check valve at the top of the tube will close to
prevent the escape of water and the finer fraction of the sediments sampled.

• The steel catcher in the bottom of the tube will prevent sampled material from
falling out of the tube as it is raised to the surface.

• If necessary, the tube will be lowered more than once. Samples may be
composited to acquire sufficient sample volume; however, volatile organic
samples will not be composited. Volatile organic samples will be immediately
placed in jars and sealed.

• Organic materials and rocks will be removed from the sediment samples
collected for analyses other than volatile organics. Headspace screening of the
samples will be performed with an HNu or OVA for volatile organic compounds.

If difficulties are encountered in retrieving adequate Cample volume with the sediment
sampling method described above, the method will be modified with U.S. EPA approval.

Both the surface water and sediment sampling devices will be decontaminated between
sampling locations. Decontamination procedures are outlined in Section 6.
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Hvdrogeology
Monitoring Well Construction
Objectives. The objectives of the additional monitoring well installations are: (1) to
provide vertical gradient information in the area where the confining layer is thin or
absent and (2) to provide information on groundwater quality where hydraulic
connection between the upper and lower aquifer may occur.

Personnel and Responsibilities. Soil borings and groundwater monitoring wells will be
installed by a two person drilling crew. The drilling crew will be supervised by a
geologist or field engineer. The geologist/engineer will be responsible for logging
borings and collecting soil samples, directing the installation of monitoring wells,
conducting aquifer tests, and acting as Site Safety Officer.

Methods. Two monitoring well nests will be installed at locations chosen on the basis of
the geophysical exploration and auger probe drilling programs. Each well nest will
consist of two wells: one well will be installed with a five-foot screen located at the base
of the sand and gravel; the second well will be installed with a five-foot screen set just
below the bedrock surface. Wells will not be attempted in the confining layer, because it
is expected to be thin in this area.

Difficult drilling conditions are anticipated at the Site, based on past drilling activities.
Boulders and cobbles are not uncommon in the sand and gravel aquifer, and will
probably prevent the use of hollow stem augers. Due to the difficulty expected in
completing boreholes at the site, the exact method of borehole advancement for the
monitoring wells is unknown. Field conditions will ultimately determine the drilling
method chosen. In the past, however, the most successful drilling endeavors have
utilized rotary wash techniques in combination with a drilling mud. It is most likely,
therefore, that the boreholes will be advanced through a rotary wash method utilizing
either clean water or a drilling mud. A temporary or permanent steel casing may be
used to stabilize the borehole and reduce the migration of drilling fluids into the
surrounding aquifer. Permanent steel casing may be used during drilling of the deeper
wells'to seal off the upper aquifer.
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Assuming that a rotary wash technique will be utilized to advance the boreholes, it is
anticipated that the following procedures will be followed. Alternative procedures may
be necessary, based on conditions encountered during drilling.

A drilling fluid consisting of either clean water or a drilling mud/clean water
mixture will be prepared.

• The boreholes for the wells will be advanced with an appropriate size roller rock
bit.

• The deeper boring in each well nest will be sampled on 2 1/2-foot intervals with
a split spoon sampling device to a depth of about 10 feet above the anticipated
bedrock surface. From that point until the top of rock is encountered, the
borehole will be continuously sampled. Sampling will follow ASTM D1536
methods. The shallower boring in each nest will only be sampled over the
anticipated screened interval.

• A temporary or permanent steel casing of appropriate diameter will be used.
After each 2 1/2-foot interval is sampled, the casing will be driven over the
sampled interval, field conditions permitting, and the interval will be washed out
with a roller rock bit. Over the continuously sampled portion of each borehole,
the casing will be driven after each sample is obtained, if possible.

• If it is determined that a permanent casing is needed to seal the lower aquifer off
from the upper aquifer, the casing will be grouted in place and allowed to set up
overnight.

• The bedrock will be cored over the anticipated screened interval of the well in
the deeper borings. It is expected that either an NQ (3-inch diameter cored
hole) or HQ (4-inch diameter cored hole) core barrel will be used. The length of
core sections obtained will vary, depending upon the length of the core barrel
used and characteristics of the bedrock.

• Cuttings that are generated by drilling activities will be containerized, and tested
by the FPD for proper disposal.

Final soil boring logs will be prepared based on field observations, soil testing, and
laboratory sample classification. Soil samples will be retained by Warzyn Engineering
Inc. until termination of the RI/FS Investigation, and a signed release is provided by the
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Respondents to properly dispose of the samples. Procedures for sample handling are
presented in the QAPP.

The monitoring wells will be constructed of 2 inch IJD. Schedule 40 PVC casing and

i! screen. The screens will be 5 feet in length, with a 0.010 inch slot size (No. 10 slot).

I Monitoring wells will be installed utilizing the following procedures, field conditions
• permitting:

i • No. 30 flint sand or equivalent will be placed in the annular space around the
screen and to an elevation 2 feet above the top of the screen.

i • A bentonite pellet seal at least 2 feet in thickness will be placed over the sand
_ pack and hydrated.

• • The remainder of the annular space will be filled with a bentonite slurry utilizing
a tremie pipe. A cement/bentonite grout may be used in the upper portion of

| the borehole to provide stability for the well riser.

• A locking steel protective casing will be installed at the surface in a concrete or
I cement surface seal which extends below the frost line.

. Monitoring well construction and installation will conform with the RCRA Technical
1 Enforcement Guidance Document (TEGD).

j -' Air monitoring will be used during drilling to monitor air quality for site safety purposes.
_ Parameters to be monitored include:

• • VOCs (HNu photoionization meter);

j • Methane gas ("Gas-Tech" or other similar instrument);

• HCN (Monotox cyanide meter); and

• Radiation (Mini-Rad).

I Samples retained from each split spoon will be scanned with a HNu meter or an OVA.

1

1

1
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To minimize potential inadvertent contamination by drilling equipment and/or
interborehole contamination, steam cleaning will be used. A temporary
decontamination pad will be constructed, which will allow collection of decontamination
fluids. The drill rig and drilling tools will be steam cleaned before mobilization onto the
site. The drilling tools coming into contact with the site soils will be steam cleaned
between each boring. The drill rig will be steam cleaned between drilling locations.
Water from steam cleaning will be collected and disposed of in the municipal sewer.

1 The split spoon sampler will be cleaned in a Liquinox or nonphosphate detergent
solution between samples. Water from split spoon sampler cleaning will be collected

] and disposed of in the municipal sewer. Well pipe, screen and protective casings will be
steam cleaned prior to use. Water from steam cleaning will not be collected. Additional

I decontamination procedures are discussed in Section 6 of this Sampling Plan.

Monitoring wells will be developed in accordance with RCRA Guidelines. Well
development will be conducted a minimum of three days after the well is installed to
allow the annular space seal to setup, reducing the likelihood of drawing the slurry into
the well screen during development.

Development of the monitoring wells will proceed in the following manner:

• The wells will be alternately surged and purged using a bailer for a minimum of
30 minutes, or until pH and conductivity measurements stabilize.

• After the surge and purge cycle is completeo, me well will be funncr developed
using either a Brainard-Kilman hand pump or another appropriate method until
10 well volumes of water are removed.

Purged water will not be collected.

Groundwater Sampling. Monitoring Wells
Objectives. The objectives of monitoring well sampling and measurement of water levels
are: (1) to characterize the groundwater quality at the Site, and (2) to characterize the
groundwater flow regime within the upper and lower aquifers, including surface water
interactions.
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Personnel and Responsibilities. Groundwater quality sampling will be performed by a
two member team comprised of a geologist/chemist and a sampling technician. Water
level measurements will be obtained by a geologist or field technician.

Methods.
Monitoring Well Sampling
Groundwater samples will be collected at 25 wells. The sequence of sampling will
proceed from wells expected to have the lowest contaminant concentrations, (based on
observations made during drilling and historical groundwater quality information) to
wells suspected of having the greatest contaminant concentrations.

Groundwater sampling will proceed in the following manner:

• Sampling equipment will be decontaminated as described in Section 6, page 35,
prior to sampling at each well.

Water levels will be measured at each well prior to purging and sampling.

1' • Prior to sampling, each well will be purged using a submersible sampling pump
or a stainless steel bailer attached to stainless steel cable. The volume of water
removed during the purging of each well will be measured; a minimum of three
well volumes will be removed. The pH, temperature, and specific conductivity
will be measured with field instruments before purging and after three well
volumes have been removed to determine that these parameters have stabilized
prior to sample collection. Judgements as to stabilization will be made by an
experienced f^1H technician.

I

1

I

I
• Purged water from the monitoring wells will be collected and disposed of in the

f municipal sewer.

After well purging has been completed, the samples will be collected directly
with a submersible bladder pump or stainless steel bailer. Care will be taken
not to agitate the water column when sampling for volatile organics with the
stainless steel bailer. Sample containers will be filled for analytes in order of
decreasing volatilization potential. Samples to be analyzed for VOCs will be
collected first to minimize volatilization.
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The sampling equipment and water level measurement tape will be cleaned between
wells with a Liquinox or another non-phosphate detergent solution and rinsed with
deionized water.

Groundwater sample blanks will be collected by pouring "Milli-Q" water through the
sampling device into the sample bottles. Matrix spike/matrix spike duplicate samples
will be collected using the same sampling device. Duplicate samples for volatile organics
analysis will be obtained by alternately filling VOC vials from the bailer or submersible
pump. The remainder of the sample volume will be split between the principle sample
and the duplicate sample.

Trip blanks for VOA analysis will be prepared at the office or laboratory. "Milli-Q"
water will be used to prepare the trip blanks.

Water Level Measurements
Water level measurements will be made at 25 wells, utilizing an electronic water level
indicator or a measuring tape with an attached sounding device. The measurement
device will be lowered into the well until the water level is reached. Water levels will be
measured to.+ 0.01 ft at the monitoring wells, utilizing the highest part of the top of the
inner well casing as the point of reference. Three replicate water level measurements
will be made. Water level elevations will be referenced to the NGVD of 1929 and
plotted on the Site map to determine the configuration of the water table in the upper
aquifer, the potentiometric surface of the lower aquifer, and groundwater flow
directions.

Aquifer Tests
Bail Testing
Objective. Bail-down tests will be performed at ten monitoring wells to provide
information regarding the hydraulic conductivity of aquifer materials. Four of these tests
will be performed on the nested wells being installed as part of this investigation, in
order that hydraulic conductivities may be evaluated in the area where the upper and
lower aquifers may be hydraulically connected. Bail tests will also be conducted at six
other previously-existing monitoring wells.
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Personnel and Responsibilities. Bail-down tests will be performed by a geologist or
hydrogeologist and a technician.

Method. The hydraulic conductivity of the saturated zone at the Blackwell Site will be
calculated by conducting bail-down tests at ten monitoring wells. The basic concept
behind these tests is that the rate of rise of the water level in a well after "instantaneous"
removal of a volume of water is a function of aquifer hydraulic conductivity. One of two

J methods may be used to produce the necessary "instantaneous" removal of water. The
first method is the direct removal of a volume of water with a bailer. In the second
method, displacement of water from the well into the surrounding materials is

j accomplished through pressurization of the well casing with breathing-quality air.

j The following procedures will be followed when conducting hydraulic conductivity
testing with either method of water removal:

1 • Site conditions, test number, etc. will be recorded in the field notebook.

] • Equipment to be used for the hydraulic conductivity testing will be
* decontaminated in accordance with Section 6.

1 - Measurements of depth to water and total well depth will be made with an
electronic water level indicator. Measurements will be recorded to jf 0.01 foot.

I
I
I
i
1
1

• Water level and well depth measurements will be repeated and recorded in the
field notebook.

• The Hermit Data Logger or equivalent instrument, pressure transducer, and
electronic water level indicator, will be prepared for use.

If the bailer method is to be used to remove a volume of water, the following procedures
will be implemented:

• The pressure transducer will be placed down the well.

• The bailer will be placed down the well to a depth at least one foot above the
pressure transducer.
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• The depth to water will be measured with an electronic water level indicator to
determine when the water level in the well has returned to static level after
insertion of the bailer.

• The data logger will be started, and the bailer will be pulled from the well.
Water removed with the bailer will be placed in a bucket.

• The test will be continued until at least 90% recovery of the static water level
has been achieved or, in low permeability formations, until sufficient recovery
has been achieved to provide data representative of the strata being tested.

• The final water level will be measured with the electronic water level indicator
and recorded in the field notebook. The volume of water removed during the
test will also be recorded.

If the pressurization method is to be used to displace a volume of water from the well,
the following procedure will be followed:

• The pressurization equipment will be assembled. The regulator will be attached
to the pressure tank, and the connecting hose will be attached to the regulator.

• The pressure transducer wire, electronic water level indicator tape, and pressure
hose will be threaded into the well pipe fitting.

• The pressure transducer and water level indicator tape will be lowered down the
well pipe to the appropriate depth. The depth to water will be measured.

• The electronic water level tape will be lowered to the target depth with the
alarm activated.

• The regulator valve will be slowly opened allowing the well to pressurize. The
system will be checked for leaks.

• Air will be allowed to enter the well until the target level is reached (audio
signal from electronic water level indicator ceases).

• The data logger will be started. The air supply will be turned off, and the hose
disconnected from the regulator to "instantaneously" release air pressure from
the well.

• The test will be continued until at least 90% recovery of the static water level
has been achieved or, in low permeability formations, until sufficient recovery
has been achieved to provide data representative of the strata being tested.
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• The final water level will be measured with the electronic water level indicator
and recorded in the field notebook. The volume of water removed during the
test will also be recorded.

* If recharge rates are slow, it may not be desirable to use the data logger with the bailer
. method. As an alternative, recovering water levels may be measured with the electronic
| water level indicator.

| Analysis of the test data will be made using a computational method presented by H.
Bouwer, and R. Rice, 1977, "A Slug Test for Determining Hydraulic Conductivity of

! .^ Unconfined Aquifers with Completely or Partially Penetrating Wells", Water Resources
i Research, Vol. 12, No.3, pp. 423-428, or by other appropriate methods.

j Physical Testing of Aquifer Materials
Objectives. Physical testing of the aquifer materials will be performed to determine the

I retardative nature of the materials tested, and their potential to act as an aquitard, based

on grain-size analysis and other characteristics.

1
1
I
1
1
1

Personnel and Responsibilities. The geologist/engineer on-site during monitoring well
installation will obtain the samples for physical testing.

Methods. Samples will be collected for grain-size analysis from the split- spoon sampling
device, and will be placed in glass jars. Grain-size analysis will be performed in
accordance with ASTM Methods D421, D422, and D2217.

Meteorological Data Collection
Objectives. Meteorological data will be collected to: (1) evaluate prevailing wind
patterns at the site as a possible air migration pathway, and (2) characterize relationships
between precipitation patterns and corresponding responses in site monitoring wells and

staff gages.

Personnel and Responsibilities. Daily records of temperature and precipitation will be
kept by FPD personnel. A geologist or engineer will be responsible for obtaining wind
direction and velocity records from the DuPage Airport.
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Methods. During the course of the Remedial Investigation, daily temperature and
precipitation recordings will be obtained at the FPD nursery located about one mile
north of the landfill. Over the same time period, wind direction and velocity records will
be obtained from DuPage Airport.

Groundwater Sampling, Water Supply Wells
Objectives. Water supply wells which draw from the lower aquifer downgradient of the
site will be sampled to determine water quality and potential Site impacts.

Personnel and Responsibilities. Water supply wells will be sampled by a technician.

Methods. It is anticipated that the wells sampled will be in constant use; therefore, the
purge volume will be limited to the volume between the well head and the sampling
point. The following procedure will be followed during private well sampling:

• A sampling point will be chosen that is as close as possible to the wellhead, and
does not undergo any treatment( i.e., water softeners, filters, etc.) If necessary,
the sampling port will be cleaned prior to use.

The water will be allowed to run at the sampling point at a rapid rate to purge
the well. A measurement of the amount of water purged will be calculated with a
5-gallon pail. During the time period over which the well is purged, field
measurements of temperature, pH, and specific conductivity will be taken at five
minute intervals to determine stabilization.

• After purging, the discharge rate from the sampling point will be reduced. The
same collection and handling procedures will be followed as those specified for
groundwater samples. Samples obtained from private wells will not be filtered.

Field blanks will be prepared by pouring "Milli-Q" water directly into sample containers.
Trip blanks will be prepared in the same manner as practiced for groundwater samples.
Private well samples will be analyzed with different methods utilizing lower detection
limits, as detailed in the QAPP.
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Identify and Quantify Sources of Contamination
Leacnate Volume Estimation
Objective. To provide information on leachate levels for estimation of leachate volume
and leachate generation rates.

Personnel and Responsibilities. Leachate level monitoring will be performed by a
geologist or field technician.

» Methods. Measurements of leachate levels in headwells will be obtained in the following
manner:

i
• An electronic water level indicator or a measuring tape with an attached

I sounding device will be lowered into the headwell until the leachate level is
reached. These instruments will be dedicated to leachate wells only.

I

I
i
I

I
I

I

1
1

• Leachate levels will be measured to _+ 0.01 ft.

Landfill Leachate Sampling
Objective. To characterize the composition of leachate within the landfill.

Personnel and Responsibilities. Leachate sampling will be performed by a two member
team consisting of a geologist/chemist and a sampling technician.

Methods. Leachate sampling will be performed utilizing the following procedures:

• Initial purging of the leachate wells will be performed with equipment normally
used by landfill personnel for leachate removal. Three well volumes will be
purged from each well if possible. At wells where it is not possible to remove
three well volumes, the well will be purged dry, and allowed to recover prior to
sampling. Leachate well sampling will be coordinated with normal leachate level
maintenance activities at the landfill, in order that purged leachate may be
pumped into a tanker truck for routine disposal.

• Samples will be collected with equipment dedicated to leachate sampling only.
The equipment required is a stainless steel bailer suspended from a stainless
steel cable. Field measurements of pH, temperature, and specific conductivity
will be made. The bailer will be decontaminated between sampling locations.
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• Sample containers will be filled for analytes in order of decreasing volatilization
potential. Samples to be analyzed for VOCs will be collected first to minimize
volatilization.

Landfill Has
Objective. Landfill gas will be sampled and analyzed to determine the VOC
characteristics of gas within the landfill.

Personnel and Responsibilities. A geologist, hydrogeologist, or field engineer, and a
technician, will be responsible for obtaining landfill gas samples.

Methods. Samples of landfill gas will be collected in the following manner:

• Samples will be collected in canisters provided by the analytical laboratory.
Each canister is under vacuum, and has a valve opening.

• One end of a five-foot length of tygon tubing will be attached to the canister; the
other end will be placed inside the leachate headwell.

• The valve connecting the canister to the tubing will be opened for two minutes,
allowing the sample to collect in the canister.

• The valve will then be closed, and the tygon tubing disconnected.

• The canister will be stored in a cooler for shipment to the laboratory.
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SECTION 6
DECONTAMINATION PROCEDURES

Procedures to be followed to decontaminate equipment and personnel are described in
the Site Health and Safety Plan. The procedures are summarized below.

Site Personnel Decontamination Procedure

• Dispose of outer latex booties;

• Wash boots in Liquinox bootwash;

• Clean outer gloves in Liquinox wash solution (discard if too soiled to clean
thoroughly);

• Dispose of polycoated tyvek suits;

• Dispose of surgical gloves;

• Wash hands in hand wash;

• Wash face and neck in face wash; and

• Clean and sanitize face mask.

Site personnel will perform the above mentioned decontamination procedure prior to
leaving the site.

Discarded clothing and other articles will be collected in double-lined, heavy duty

garbage bags. Filled garbage bags will be disposed of as normal garbage.

Equipment and Vehicle Decontamination Procedure

• Decontamination will be performed prior to site entry;

• Decontamination will be performed on-site;

• Gross contamination will be removed with a brush and Liquinox solution; and

• Steam cleaning will follow.
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The drilling equipment will be steam cleaned between boring locations and prior to
exiting the site. Another area, located away from the equipment decon areas, will be
designated as a site personnel decon area.

Decontamination will include steam-cleaning the drilling equipment and tools between
boreholes and detergent washing and water rinsing the split spoon samplers after each
collected sample. The drill rig and equipment may also require scrubbing of accessible
parts with a detergent/water solution. Well materials will also be steam-cleaned and
wrapped in plastic until installed. The bailer, bailer cable, trowels, spatulas, stainless
steel bucket and water level measurement tape will be cleaned with Liquinox or another
non-phosphate detergent solution, and rinsed with deionized water. If evidence of
contamination is observed during monitoring well sampling, e.g., HNu readings above
background or visible oily /organic contaminants, a methanol rinse will be performed
prior to the final rinse with deionized water.

I
I
i
I
I
I
I
I
1
i

Equipment remaining on-site overnight will be decontaminated at the end of the day, if
not done earlier in the day.
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SECTION 7
SAMPLE HANDLING AND ANALYSIS

Parameters

I Leachate and groundwater samples collected for chemical analysis will be analyzed by a
laboratory approved by the U.S. EPA Region V Contract Program Management Section

f (CPMS), Central Regional Laboratory (CRL). Chemical parameters for which
* groundwater and leachate are to be analyzed are summarized below:

1 • U.S. EPA CLP TCL and TAL parameters;

| • Alkalinity;

• Chloride;

• Sulfate;

• Nitrate + nitrite;

• Ammonia-nitrogen;

• Total Kjeldahl nitrogen; and

• Total Dissolved Solids.

":,. Measurement of pH, specific conductivity and temperature will be performed in the
**'

field. The groundwater samples obtained from site monitoring wells to be analyzed for
U.S. EPA TAL parameters will be field filtered with 0.45 micron filters.

Sample Preservation

Samples will be collected and preserved in a manner appropriate for the analyses they
receive (Table 3). The portion of groundwater samples requiring field filtering prior to
analysis will be filtered using a pressure filtration device, through a 0.45 micron filter, as
soon as possible after collection. Filtered portions of the samples will be preserved, as
appropriate, immediately after filtration. Sample fractions will be preserved before
shipment according to the procedures shown in Table 3. Preservatives added to the

samples will be prepared using reagent grade chemicals. Table 3 should be consulted

for details regarding sample packaging and shipping.
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SECTION 8
T SAMPLE DOCUMENTATION

Field sampling activities will be documented using a bound notebook/logbook.
| Information recorded in the field notebook will include date of sampling, sampler,

weather conditions, observations and methods of preservation. Additional data
| pertaining to sampling may also be included in the logbook.

I Samples will be collected under chain-of-custody procedures. Standard forms including
1 sample labels, sample tags, chain-of-custody forms, and custody seals used for sample
f "\ tracking will be maintained (Figures 5-8 of QAPP). A brief description of sample
^ documents follow:

] A. Chain-of-Custody Form

1. One form per shipping container (cooler).

* 2. Carrier service does not need to sign form, if custody seals remain intact.

1 3. Use for all samples.

B. Chain-of-Custody Seals

1. Two seals per shipping container to secure the lid and provide evidence that
. <"-fj samples have not been tampered with.

2. Cover seals with clear tape.

| 3. Record seal numbers on Chain-of-Custody Form.

| 4. Use for all samples.

C. Sample Tags

i 1. Each sample container must have a sample tag affixed to it.

f 2. Sample tag numbers are recorded on the Chain-of-Custody forms.
1

3. Use for all samples.

* D. Sample Labels

I
I
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1. Each sample container must have a sample label affixed to it.

2. Use for all samples.

£. Sample Identification Record Form will:

1. Provide means of recording crucial sample shipping and tracking
information.

2. Contain information such as:

I • Sample number
• Sample matrix

f • Sample location code
i • Sample round

Chain-of-custody number

I - Lab code
Date sampled
Date shipped

f • Airbill number(s)
• • Sampling tag number

Paperwork accompanying the samples being shipped to the laboratory will be sealed in a
plastic bag that is taped to the inside of the cooler lid. Copies of the chain-of-custody
forms, and other paperwork (if possible), will be retained for the field files.

Two sample seals will be placed on the opposite sides of the lid and extended down the
sides of the cooler. The lid will be securely taped shut prior to shipment.

V721FSPOUAW/dmi/PJV
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TABLE 1
SUMMARY OF DATA GENERATING ACTIVITIES AND ASSOCIATED DATA QUALITY OBJECTIVES

BLACKUELL LANDFILL SITE

ACTIVITY TASK DESCRIPTION

DEFINE NATURE AND EXTENT OF CONTAMINATION
Confining L a y e r I C o n d u c t shallow
Happing seismic investigation-

Make auger probes to
bedrock southwest of
landfill.

Soil Sampling

Surface Water
Hydrology

Surface Water/
Sediment Sampling

Monitoring Well
Construction 5

Groundwater Sampling 6

Aquifer Tests

Conduct soil sampling
In areas of past
leachate seeps.

Water Level Measurements
and Piezometer
Installation

Surface water and sed-
iment samples taken at
locations on Silver,
Swim and Supply Lakes
and Springbrook.

Installation of 2
additional monitoring
well nests (total of
4 monitoring wells).

Sampling of 21 existing
and the 4 new monitoring
wells. Measurement of
water levels four tines
during the Investigation.

Collection of 2 soil
samples at each new
monitoring well nest
location. Samples will
represent the upper
aquifer and material
directly overlying the
bedrock.

INTENDED DATA USAGES

Determine the depth to
the bedrock surface and de-
lineate the existence of the
clay confining layer In the
area west of the landfill.

To characterize any soil
contamination resulting from
past leachate seeps.

To better define the
Interactions between surface
water and groundwater.

To document surface water
quality surrounding the site
and to evaluate the potential
contamination effects of
discharging groundwater on
bottom sediments in surface
water bodies surrounding the
site1.

To better define the "window"
where the clay layer may be
missing and allowing migration
between the upper and lower
aquifers.

To evaluate potential ground-
water flow paths, assess the
groundwater contamination
migration pathway, and to
characterize the groundwater
quality.

The upper aquifer samples
will be used to assess the
upper aquifer material.
The material directly over the
bedrock will be used to assess
the retardative nature of the
material and assess its po-
tential to act as an aquitard.

ANALYSIS PARAMETERS

Analysis of soil samples
for TCL and TAL
parameters.

DATA QUALITY OBJECTIVE
(ANALYTICAL LEVEL)

Level I Data

Level IV Data for TCL, TAL

Level I Data

ANTICIPATED NO. OF
INVESTIGATIVE

SAMPLES

Analysis of surface Level IV Data for TCL, TAL
water samples for TCL. Level 111 Data for Indicators
TAL, Indicators and field Level I Data for pH and
pH and conductivity. conductivity.
Analysis of
sediments for TCL and
TAL parameters.

8 Surface Water
8 Sediments

Analysis of groundwater
samples for TCL, TAL,
Indicators and field pH
and conductivity.

Analysis of soil samples
for grain size
distribution.

Level IV Data for TCL, TAL
Level III Data for Indicators
Level I Data for pH and
conductivity.

Level II! Data

25 Groundwaters

4 Soil Borings



TABLE 1
(CONTINUED)

TASK DESCRIPTION INTENDED DATA USAGES

DEFINE NATURE AND EXTENT OF CONTAMINATION (CONTINUED)
Heteorological Data
Collection 8 Collection of dally

temperature, precipita-
tion, wind direction and
wind velocity data.

Additional Water
Level Measurements 9

Water Supply Sampling 9

Precipitation records will
represent the original source
of groundwater, surface water
and leachate. Wind directions
and velocity data will be used
construct wind rose diagrams
and will represent probable
air migration routes from the
site.

Water levels collected To verify the hydraulic
at lower aquifer Monitor- gradient of the lower aquifer.
Ing wells.

Sampling of 26 water
supply wells.

To characterize the water
quality and determine If
water supply wells have been
affected by the contaminant
plume.

ANALYSIS PARAMETERS
DATA QUALITY OBJECTIVE

(ANALYTICAL LEVEL)

ANTICIPATED NO. OF
INVESTIGATIVE

SAMPLES

Analysis of water supply
wells for VOCs with
low level detection
limit requirements.

Level V Data for VOCs 26 Water Supply
Wells

IDENTIFY AND QUANTIFY SOURCES OF CONTAMINATION
Leachate V o l u m e ~ 3 a j j Leachate level
Evaluation measurements at all

headwells six times
during the
investigation.

Landfill Leachate
Sampling

Landfill Gas
Sampling

721QAPP01TABLE1
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\1 Sampling of 4 leachate
headwells.

Sampling of 2 high flow
vents. Measurement of
gas flow volume from 24
neadwelI/vents.

To estimate leachate
volume and generation
rate.

To Identify the character-
istics of the leachate within
the landfill.

To provide an Indication of
gas production in various
areas of the site. To
characterize the landfill gas
and to provide for modeling of
probable air migration.

Analysis of leachate
samples for TAL, TCL,
COD and Indicator
parameters.

Analysis of leachate
gas samples for VOCs.

Level IV Data for TAL, TCL
Level III Data for COD and
Indicators

Level V Data

4 Leachates

2 Landfill Gas
Samples



TABLE 2
SAMPLE TYPE AND ESTIMATED SAMPLE NUMBERS

BLACKWELL LANDFILL SITE

SAMPLE (1)
MATRIX

NO. OF
SAMPLES

DEFINE NATURE AND EXTENT OF CONTAMINATION

Soil Sampling Warzyn
Compuchem
Compuchem
Compuchem

Surface Water Sampling Warzyn 8
Compuchem 8
Compuchem 8
Compuchem 8
Warzyn 8

FIELD FIELD (3) TOTAL NO.
DUPLICATES BLANKS HS/HSD (4) SAMPLES

0 - 4
0 - 4
0 - 4
0 - 4

1 - 10
1 1 10
1 1 10
1 1 10
1 - 10

TEST (5,7)
PARAMETERS

TAL Inorganics
TCL Volat i le*
TCL Senrivolatiles
TCL Pest/PCBs

TAL-Inorganics
TCL-Volatiles
TCL-Senrivolatiles
TCL-Pest/PCBs
Alk,Cl .S04.TKN,
NH3,N03+N02,TDS

Sediment Sampling Warzyn 8
Compuchem 8
Compuchem 8
Compuchem 8

0
0
0
0

TAL-Inorganics
TCL-Volatiles
TCL-Semivolatiles
TCL-Pest/PCBs

Groundwater Monitoring Warzyn 25
Compuchem 25
Compuchem 25
Compuchem 25
Warzyn 25

31
31
31
31
31

TAL-Inorganics
TCL-Volatiles
TCL-Semivolatiles
TCL-Pest/PCBs
Alk,Cl,S04.TKN,
NH3,N03+N02,TDS

Soil Borings EWI Eng. 4

Water Supply Sampling Compuchem 26

0

3

5

32

Grain Size

TCL-Volatiles(6)

IDENTIFY AND QUANTIFY SOURCES OF CONTAMINATION

Leachate Headwe11
Sampling

Warzyn
Compuchem
Compuchem
Compuchem
Warzyn

TAL-Inorganics
TCL-Volatiles
TCL-Semivolatiles
TCL-Pest/PCBs
Alk,Cl,S04.TKN,
NH3,N03+N02,TDS.
COD

Landfill
Sampling

Gas Vent Enseco Volatile Organics



TABLE 2
(Continued)

Notes

(1) Samples will be considered low or medium concentration.

(2) Compuchem
3308 Chapel Hill/Nelson Hwy
Research Triangle Park, NC 27709 Madison, WI 53705

Warzyn Engineering Inc. EWI Engineering
One Science Court 505 Science Court

Hadison, WI 53705

Enseco, Inc.
9537 Telstar Ave.
Suite 118
El Honte, CA 91731

A trip blank for VOC analysis will be included with each cooler shipped for aqueous (leachate. iroundwater, surfac
water and water supply wells) samples. One trip blank (pre-cleaned SUMMA passivated canister) is required for the
samplin of landfill gas vents for volatiles.

(3) A trip blank for VOC analysis will be included with each cooler shipped for aqueous (leachate. iroundwater, surface
water and
sampling of landfill gas

(4) EXTRA VOLUME REQUIREMENT: Extra volume is required for the TCL organic MS/MSD quality control requirement (triple
volume for VOC, double volume for BNAs and Pesticides/PCBs). TAL inorganics and general water quality indicator
parameters require MS/MSD analysis, however, do not require additional sample volume to meet the specified QC.

(5) See Appendix A for EPA TCL and TAL analyte lists.

(6) Low level detection limits required for water supply wells (see Appendix 0).

(7) Groundwater samples for metals analysis will be field filtered through a 0.45 micron filter prior to the addition of
preservatives.

721QAPP01TABLE2
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Analysis

Low Concentration (Orqanlcs)

Groundwater Samples

Extractable, Base/neutral,
and acids

Pesticides/PCBs

Volatile;

TABLE 3

SAMPLE QUANTITIES, CONTAINERS, PRESERVATIVES AND PACKAGING FOR
SAMPLES FROM THE BLACKWELL LANDFILL SITE RI/FS

Bottles and Jars

Two 1-Liter amber
glass bottles

Two 1-Liter amber
glass bottles

Two 40-mL volatile
organic analysis
(VOA) vials.

Preservation

Iced to 4<>c

Iced to 4<>C

1:1 HCL (2 drops/
vial), iced to
40C.

Holding Time(2) Volume of Samples

5 days from VTSR
to extraction,
analysis within
40 days after
extraction

5 days from VTSR
to extraction,
analysis within
40 days after
extraction

10 days from
VTSR

Fill
neck

bottle to

Fill bottle to
neck

Fill completely
no headspace

Shipped elf.i i
by oyerni(|iii
carrier

Shipped daily
by overnight
carrier

Shipped rtaily
by overnight
carrier

Normal Packaging (1)

Vermiculite

Vermiculite

Vennicul ite

Water Supply Well Samples

Volatiles Four 40-mL VOA vials Iced to 4°C. 7 days Fill completely
no headspace

Shipped daily
by overnight
carrier

Vermiculite

Surface Water Samples

Extractable, Base/neutral,
and acids

Pesticides/PCBs

Volatiles

Two 1-Liter amber
glass bottles

Two 1-Liter amber
glass bottles

Two 40-mL VOA vials

Iced to 40C

Iced to 40C

1:1 HCL (2 drops/
vial), iced to
40C.

5 days from VTSR
to extraction,
analysis within
40 days after
extraction

5 days from VTSR
to extraction,
analysis within
40 days after
extraction

10 days from
VTSR

Fill
neck

Fill
neck

bottle to

bottle to

Fill completely
no headspace

Shipped daily
by overnight
carrier

Shipped daily
by overnight
carrier

Shipped daily
by overnight
carrier '

Vermiculite

Vermiculite

Vermiculite



TABLE 3
(Continued)

Analysis

Leachate Samples

Extractable, Base/neutral,
and acids

Pesticides/PCBs

Volatile*

Bottles and Jars

Two 1-Liter amber
glass bottles

Two 1-Liter amber
glass bottles

Two 40-mL VOA vials

Preservation Holding Time(2) Volume of Samples Shipping Normal Packaging (1)

Iced to 4<>C

Iced to

Iced to 40C.

5 days from VTSR
to extraction,
analysis within
40 days after
extraction

5 days from VTSR
to extraction,
analysis within
40 days after
extraction

7 days

Fill bottle to
neck

Fill
neck

bottle to

Fill completely
no headspace

Shipped daily Vermiculite
by overniolu
carrier

Shipped dflily
by overnight
carrier

Shipped daily
by overnight
carrier

Vermiculite

Vermiculite

Low Concentration (Inorganics)

Groundwater Samples

Metals

Cyanide

One 1-liter high
density polyethylene
bottle

One 1-liter high
density polyethylene
bottle

Field filter 180 days from
through 0.45 urn VTSR (26 days
filter. HN03 to from VTSR for
pH<2. Iced to 4°C. mercury)

Add NaOH to pH>12. 12 days from
Iced to 4oc VTSR

Fill to shoulder
of bottle

Fill to shoulder
of bottle

Shipped daily
by overnight
carrier

Shipped daily
by overnight
carrier

Vermiculite

Vermiculite

Surface Water Samples

Metals

Cyanide

One 1-liter high
density polyethylene
bottle

One 1-liter high
density polyethylene
bottle

HNO] to pH<2.
Iced to 4oc.

180 days from
VTSR (26 days
from VTSR for
mercury)

Add NaOH to pH>12. 12 days from
Iced to 4oc VTSR

Fill to shoulder
of bottle

Fill to shoulder
of bottle

Shipped daily
by overnight
carrier

Shipped daily
by overnight
carrier

Vermiculite

Vermiculite

Leachate Samples

Metals One I-liter high
density polyethylene
bottle

HN03 to pH<2.
Iced to 4oc.

180 days from
VTSR (26 days
from VTSR for
mercury)

Fi l l to shoulder
of bottle

Shipped daily
by overnight
carrier

Vermiculite



TABLE 3
(Continued)

Analysis

Cyanide

Bottles and Jars

One 1-liter high
density polyethylene
bottle

Preservation Holding Time(2) Volume of Samples Shipping

Add NaOH to pH>12. 12 days from
Iced to 4°C VTSR

Fill to shoulder
of bottle

Shipped d a i l v
by overnight
carrier

Normal Packaging (1)

Vermiculite

Water Quality Parameters

Groundwater Samples

TKN, Nitrate + Nitrite-N and
Ammonia

Alkalinity, Chloride, Sulfate

TDS

One 1-liter high
density polyethylene
bottle

One 500-mL
polyethylene bottle

One 500-mL
polyethylene bottle

H2S04 to pH<2.
Iced to 40C.

Iced to 40C.

Field filter
through 0.45 urn
filter. Iced to
40C

28 days

28 days (14 days
alkalinity)

7 days

Fill to shoulder
of bottle

Fill to shoulder
of bottle

Fill to shoulder
of bottle

Shipped daily
by overnight
carrier

Shipped daily
by overnight
carrier

Shipped daily
by overnight
carrier

Vermiculite

Vermiculite

Vermiculite

Surface Water Samples

TKN, Nitrate + Nitrite-N and
Ammonia

Alkalinity, Chloride, Sulfate

TDS

One 1-liter high
density polyethylene
bottle

One 500-mL
polyethylene bottle

One 500-mL
polyethylene bottle

H2S04 to pH<2.
Iced to 4oc.

Iced to 40C.

Iced to 40C.

28 days

28 days (14 days
alkalinity)

7 days

Fill to shoulder
of bottle

Fill to shoulder
of bottle

Fill to shoulder
of bottle

Shipped daily
by overnight
carrier

Shipped daily
by overnight
carrier

Shipped daily
by overnight
carrier

Vermiculite

Vermiculite

Vermiculite

Leachate Samples

TKN, Nitrate+Nitrite-N, Ammonia One 1-liter high
density polyethyleneand COD

Alkalinity, Chloride, Sulfate

TDS

bottle

One 500-mL
polyethylene bottle

One 500-mL
polyethylene bottle

H2SO/I to pH<2.
Iced to 4&C.

Iced to 40C.

Iced to 4oc.

28 days

28 days (14 days
alkalinity)

7 days

Fill to shoulder
of bottle

Fill to shoulder
of bottle

Fill to shoulder
of bottle

Shipped daily
by overnight
carrier

Shipped daily
by overnight
carrier

Shipped daily
by overnight
carrier

Vermiculite

Vermiculite

Vermiculite



TABLE 3
(Continued)

Analysis Bottles and Jars Preservation Holding Tjme(2) Volume of Samples Normal Packaging (1)

Low or Hcd Concentration (Organics)

Soil and Sediment Samples

Extractable, Base/neutral
and acids

Pesticides/PCBs

Volatile*

One 8-oz wide mouth
glass jar

One 8-oz wide mouth
glass jar

Two 4-oz wide mouth
glass jars

Iced to

Iced to 4<>c

Iced to 40C

10 days from VTSR Fill 3/4 full
to extraction,
analysis within
40 days after
extraction.

10 days from VTSR Fill 3/4 full
extraction,
analysis within
40 days after
extraction.

10 days from
VTSR

Fill Completely
no headspace

Shipped d?i h
by oyerni(|lil
carrier

Shipped daily
by overnight
carrier

Shipped daily
by overnight
carrier

Vermiculite
(Med in cans/
vermiculite)

Vermiculite
(Med in cans/
vermiculite)

Verniiciil ite
(Med in cans/
vermiculite)

Low or Hed Concentration (Inorganics)

Soil and Sediment Samples

Metals and Cyanide One 8-oz wide mouth
glass jar

Iced to 4oc 180 days from
VTSR (26 days
from VTSR for
mercury and 12
days from VTSR
for cyanide)

Fill 3/4 full Shipped daily
by overnight
carrier

Vermiculite
(Med in cans/
vermiculite)

Physical Analysis

Soil Samples

Grain Size Distribution Two 8-oz wide mouth
glass jars

NONE Hot established Fill 3/4 full Ship by carrier Vermiculite



TABLE 3
(Continued)

Analysis Bottles and Jars Preservation Holding Tiine(2) Volume of Samples Shipping Normal Packaging (0

Landfill Gas Analysis

Volatile* One 6-liter SUHMA Iced to 4<>C. Not established Fill as described in Shipped d a i l v Vermiculite
passivated canister procedure. by overnight

carrier

Notes
TT)The packing material should completely cushion the sample bottles - botttom, sides and top.
(2) VTSR - verified time of sampling receipt. Unless otherwise noted the holding time is from the date sampled.

721QAPP01TABLE3
1/25/91FINAL
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Table 4
Water Level Measurement Points and Sampling Dates

BlackweU Landfill NPL Site

QUARTERLY WATER LEVEL MEASUREMENTS:
July 1991
January 1992

G-138D
G-139D

f

Measurement Dates: April 1991
October 1991

Lower Aquifer Wells
G-103D G-128D
G-107D G-131D
G-115D G-132D
G-120D G-133D

Upper Aquifer Wells
G-101S G-109S
G-102S G-111S
G-103S G-113S
G-105S G-114S
G-106S G-115S
G-107S G-116S
G-108S G-117S

Staff gages and Piezometers
SG-1 SG-3
SG-2 SG-4
P-l P-2

G-134D
G-135D
G-136D
G-137D

G-118D
G-118S
G-119S
G-121S
G-122S
G-123S
G-124S

SG-5
SG-6
P-3

G-125S
G-126S
G-127S
G-128S
G-129S
G-130S
G-133S

SG-7
SG-8
P-4

LEACHATE MEASUREMENT DATES; April 1991 June 1991
July 1991 August 1991
September 1991 January 1992

Leachate Head Wells
SV-1
SV-2
SV-3
SV-4
SV-5
SV-6

SV-7
SV-8
SV-9
SV-10
SV-11
SV-12

DV-2
DV-3
DV-4
DV-5
DV-6
DV-7

DV-8
DV-9
DV-10
DV-11
DV-12
DV-13

V721FSP Table 4



Table 5

Site Monitoring Wells Designated For Sampling
Blackwell Landfill NPL Site

LOWER AQUIFER MONITORING WELLS

Number
G-134D
G-128D
G-133D
G-135
G-136
G-138
G-139

UPPER AQUIFER

Number
G-121
G-130
G-108
G-117
G-118S
G-118D
G-119
G-122
G-123
G-126
G-127
G-128S
G-129
G-133S

Location
Upgradient
Downgradient
Downgradient
Downgradient
Downgradient
Downgradient
Downgradient

MONITORING WELLS

Location
Upgradient
Upgradient
Downgradient
Downgradient
Downgradient
Downgradient
Downgradient
Downgradient
Downgradient
Downgradient
Downgradient
Downgradient
Downgradient
Downgradient

Geologic Unit
Dolomite
Dolomite
Dolomite
Dolomite
Dolomite
Dolomite
Dolomite

Geologic Unit
Henry Formation
Henry Formation
Henry Formation
Henry Formation
Henry Formation
Malden/Tiskilwa Till
Henry Formation
Henry Formation
Henry Formation
Henry Formation
Henry Formation
Henry Formation
Henry Formation
Henry Formation

V721FSPTable5
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NOTES
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SOIL SAMPLING LOCATION
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LEGEND
APPROXIMATE LANDFILL
BOUNDARY

SURFACE WATER STAFF
GAUGE LOCATION

PIEZOMETER LOCATION
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OF THIS MAP AT WILLIAMS ROAD.

ll SCALE IN

800

FEET
FIGURE 4

*;
"S"5

If
60721B1



LEGEND
APPROXIMATE LANDFILL
BOUNDARY

SURFACE WATER/SEDIMENT
SAMPLING LOCATION

0 400

LTL"
SCALE IN FEET

800

FIGURE 5

O

N

u. tA
•~ _, tfl

S!S< z
25"8
3*£"ws* 3

E a ffi o

60721B12



®

APPROXIMATE LANDFILL
BOUNDARY

UPGHADIENT SAMPLING PONT

OOWNGRAOIENT SAMPLING POINT

NOTES
1. 2 ADDITIONAL LOWER AQUIFER MONITORING

WELLS WILL BE INSTALLED ON BASIS OF
GEOPHYSICS & SOIL BORINGS.

ADDITIONAL LOWER AQUIFER SAMPLING WILL BE
CONDUCTED IN TASK 7, WATER SUPPLY WELL
SAMPLING.
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LEGEND
APPROXIMATE LANDFILL
BOUNDARY

UPGRACHENT SAMPLING POINT

DOWNGRADIENT SAMPLING POINT

1. TWO ADDITIONAL UPPER AQUIFER MONITORING
WELLS WILL BE INSTALLED ON BASIS OF
GEOPHYSICS AND SOIL BORINGS.
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APPROXIMATE LANDFILL
BOUNDARY

•$• LOWER AQUIFER TEST WELLS

•$• UPPER AQUIFER TEST WELLS

NOTES
1. FOUR ADDITIONAL MONITORING WELLS WILL BE

INSTALLED IN THE ZONE BETWEEN G-126 4
G-133. ALL FOUR WILL BE TESTED.
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LEACHATE VENT LOCATION
OV6 AN° NUMBER

•* MONITORING WELL LOCATION
G119 AND NUMBErl
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I DV 5 I LOCATION
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APPENDIX A

SOIL CLASSIFICATION AND FIELD BORING LOG FORM



UNIFIED SOIL CLASSIFICATION SYSTEM

COARSE-GRAINED SOILS

(More than half of material is larger than No. 200 seive size.)

LABORATORY CLASSIFICATION CRITERIA

GRAVELS
More than hall

ot coarse
traction larger

than No. 4
sieve sire

Ctoan Gravvta (LJllla or no lines)

Well-graded gravels. gravel-sand mix-
lures, little or no lines

f5p Poorly graded gravels, gravel-sand mix-
lures, little or no lines

Grav*l> with F1n*» (Appreciable amount ot lines)

•GM Silly gravels, gravel-sand-sill mixtures

GC Clayey gravels, gravel-sand-clay mixtures

Cle*n Sand* (Little Or no fines)

Well-graded sands, gravelly sands, little or
no lines

SANDS
More than naif

of coarse
fraction smaller

I nan No. 4
sieve size

SP Poorly graded sands, gravelly sands, little
or no lines

Sanda with FInaa (Appreciable amount ol lines)

SM Silly sands, sand-sill mixtures

SC Clayey sands, sand-clay mixtures

RIME-GRAINED SOILS

(More than half of material Is smaller than No. 200 sieve.)

Inorganic sills and very fine sands, rock
ML flour, silty or clayey line sands or clayey

silts with slight plasticity

Inorganic clays of low to medium plastlcl-
CL ty. gravelly clays, sandy clays, silty clays,

lean clays

Organic sills and organic silly clays of low
plasticity

SILTS
AND

CLAYS
LiQuid limit
greater than

S0%

HIGHLY
ORGANIC

SOILS

«...G W C,, = - sieatcr th»n 4; C. =
" P.. C D..XD..

bvtwMn 1 and 3

GP Not meeting all gradation requirement* lot GW

GM

GC

Atterberg limits below "A"
line or P.I. less than 4

Atterberg limits above "A"
line with P.I. greater than 7

Above "A" line with P.I.
between 4 and 7 are
borderline cases requiring
use ol dual symbols

0.
SW C,. = - giutw than 6: C, =

D,. c O..XO..
bdvrttn 1 and 3

SP Not meeting all gradation requirements lor SW

SM

SC

Atterberg limits below "A"
line or P.I. less than 4

Atterberg limits above "A"
line with P.I. greater than 7

Limits plotting in hatched
zone with P.I. between 4
and 7 are borderline cases
requiring use ol dual sym-
bols.

Determine percentages ol sand and gravel from grain-size curve.
Depending on percentage ot lines (fraction smaller than No. 200
sieve size), coarse-grained soils are classified u follows:

Less than S per cent GW. GP. SW. SP
More than 12 per cent GM. GC. SM. SC
5 to 12 per cent Borderline cases

requiring dual symbols

PLASTICITY CHART

ii LJ Inorganic silts, micaceous or dlatoma- 'g
M n ceous line sandy or silly soils, elastic silts T

CH Inorganic clays ol high plasticity, fat clays

'Organic clays of medium to high plasticity,
organic silts

PT Peat and other highly organic soils

6U
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Liquid Limit

For classification ol line-grained soils and line traction ol coarse-
grained soils.
Alterberg Limits plotting in hatched area are borderline classilica-
lions requiring use ol dual symbols.
Equation of A-line: PI s 0.73 (LL • 20)



LOG OF TEST BORING

General Notes

Descriptive Soil Classification

GRAIN SIZE TERMINOLOGY

Soil Fraction PirticI* Sla U.S. Sundard Sim Sla

Booldors Urgtr than 12' Lirgtr thin 12*
Cobbles 3'to 12' 3* to 12*
Craval: Coane %' to 3' %' to 3*

Flat 4.78 am it %' #4 to V^
Sand: Coin* 2.00 •• to 4.76 •• #10 to #4

Modlooi 0.42 BBto2.DO ••..-. #40 to #10
Fino 0.074 m» to 0.42 »• #200 to #40

Silt 0.005 ma to 0.074 •».... Saallar than #200 •
Clay Saaller than 0.005 a* Saaller than #200

Plasticity characteristic* diffarontlato botwota lilt and clay.

GENERAL TERMINOLOGY
Physical Chmcttrutic*

Color, aolstan, grain shape, fineness, ote.
Major Constituents

Clay. tilt. und. gravel
Stractun

Laalnatad. varrod. fibrouj, stratlfiid.
caatmid. fissured, ite.

Eeologic Origin
Glacial, allivlal.oollan. residual, ote.

RELATIVE PROPORTIONS
OF COHESIONLESS SOILS

Proportional Defining Rang* By
Teroi Parairugo of Weight

Trace 0%- 5%
Little S%-12%
SOBO 12%-35%
And 35%-50%

ORGANIC CONTENT BY
COMBUSTION METHOD

Soil Description loss a* Ignition

Non Organic Lass than 4%
Organic Silt/Clay 4-12%
Sodloiantary Put 12-50%
Fibrous and Woody Put.... Moro than 50%

RELATIVE DENSITY

Tom ~N" ValM
VoryLooto 0-4
Uoao 4-10
Media* dense 1040
Donit 30-50
Vary Out* Ovor 50

CONSISTENCY

Tom ft.

VorySoft ........ 0.0 to 0.25
Soft ............ 0.25 to 0.50
Midlia ........... 0.50 to 1.0
Stiff ............. 1.0 W2.0
Vory Stiff ......... 2.0 to 4.0
Hard., .............. Ow4.0

PLASTICITY

Tom Plastic ladu

Nono to Slight 0-4
Slight 5-7
Midli* 8-22
High to Vary High Ovor 22

Tho ponauatlon rulstanca. N. Is tho iiBBitlon of tho noabor of blows roqwlnd to offoct two
soccMslvof" pontratlons of th* 2' spllt-barrol uaplor. Tbo saaplor Is driven with a 140 !b. walght
falling 30' and Is mud to a dapth of 6' boforo coBandng tho standard ptnotmlon twt.

Symbols

DRILLING AND SAMPLING
CS—Continuum Sampling
RC-Rock Coring: Sita AW. BW. NW. 2* W

RQ.D—Rock Quility Otiignitor
RB-Rock Bit
FT-FIsh Tail
OC—Orovo Casing
C-Casing: Siza 2V4'. NW. 4'. HW

CW-CIur Watir
OM-Drilling Mud

HSA-Hallow Stia Augir
FA-Fllght Augir
HA-Hand Augar

COA— Claan-Oyi Aogar
SS—2* Olaaatar Split-Barn! Saapl*

2ST-2' Oliaiiar Thln-Willad Tuba Saaplo
3ST-3' Dlimmr Thin-Wallid Tubt Saaplo
PT-3' Dlaaatar Piston Tuba Saapla
AS—Aagtr Saapla
WS-Wash Saapla
PTS—Put Saaplo
PS-Pltchar Saapla
NR—No Rocavary

S-Scnndlng
PMT-Boroholo Prassuraaitar Tast

VS—Vint Shur Tast
WPT-Wator Prcssoro Tist

LABORATORY TESTS
(.—Ponatroaitir Rudlng, toiu/tq. ft.
t̂ -Uncenfinod Strength, tons/sq. ft.
W-Moistoro Contant. %
LL-Uq«id Uait. %
PL-Plastic Unit. %
SL-Shrtnkaga Uait. %
U—Loss on Ignition, %
D-Ory Unit Wiight. Ibs./ca. ft.

•H-Mutirt of Soil Alkillnlty or Acidity
FS-Froa Swoll. %

WATER LEVEL
MEASUREMENT

V~Watar Laval at tlaa shown
NW-No Watar Encogntarad
WD-Whlli Drilling
BCR—Bafora Casing RIBOVI!
ACR-Afttr Cising Raaoval
CW-Cavid and Wat
CM-Cavtd and Moist

Nota: Watar loval ausarsaants showa on
tho boring logs nprtiint condltloni it tho
tlai Indlcatad and »iy not rofltct static
lovtls, aspaclilly in cohisiva soils.
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Site Health and Safety Plan Page: 1 of 36
BlackweH Landfill NPL Site REVISION: Final
DuPage County, Illinois August 10,1990

SECTION 1
INTRODUCTION

The objective of this plan is the accomplishment of necessary on-site remedial
investigation f ie ld work to achieve the objectives of the Remedial
Investigation/Feasibility Study at the Blackwell landfill in DuPage County, Illinois in a
manner which minimizes any potential for accident, and which is adequately protective
of the environment and of the health of project workers. In order to achieve these goals,
all of the operations conducted at this site will be in accordance with the requirements of
the Hazardous Waste Operations and Emergency Response Standard, OSHA 29 CFR
1910.120, and with all of the applicable subparts of the OSHA Construction and General
Industry Standards, 29 CFR 1926. these subparts include Subpart C - General Safety and
Health Provisions, Subpart D - Occupational Health and Environmental Controls,
Subpart E - Personal Protective and Life Saving Equipment, Subpart F - Fire Protection
and Prevention, Subpart G - Signs, Signals and Barricades, Subpart I - Tools - Hand
Power, Subpart K - Electrical, Subpart L - Ladders and Scaffolding, Subpart O - Motor
Vehicles, Mechanized Equipment and Marine Operations and Subpart P - Excavations
Trenching and Shoring of the OSHA Construction Standards. Additional OSHA
Construction and General Industry Standards may apply, depending on the nature of the
operations which might evolve on the site during the course of the Remedial
Investigation and Feasibility Study.
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SECTION 2
SITE SUMMARY

Site Description

The BlackweU site is located approximately six miles southwest of downtown Wheaton,
Illinois in Section 26, T39N, R9E, DuPage County, Illinois, as shown in Figure 1. The
investigation area is bounded on the west by Spring Brook between the bridge to the
north and the Cenacle property to the south at which point the boundary extends south
to the West branch of the DuPage River; the DuPage River and Butterfield Road
(Route 56) form the southern boundary; the eastern and northern boundaries are
located through Silver Lake, as shown in Figure 2.

The site is currently part of DuPage County, Illinois Forest Preserve District (FPD) and
is called the Roy C BlackweU Forest Preserve. The forest preserve consists of a large
hill formed from the landfill, three artificiaUy constructed lakes including SUver Lake,
Swim Lake, and Supply Lake, campgrounds, picnic areas, hiking trails, and roads.

Description of Disposal Activities
A review of past records indicated that the users of the landfiU were primarily municipal
waste haulers and scavenger companies located in or serving DuPage County. The
Metropoh'tan Sanitary District of the Greater Chicago deposited 8,000 tons of dry sludge
in 1968. Owens - Illinois, St. Charles, Illinois deposited daily trash from their glass
manufacturing facility. The weight of the trash deposited was estimated at 3 to 4 tons
per day. Kroehler Manufacturing, Naperville, Illinois, also used the landfill for plan

trash of undermined origin. Burnt tree cuttings and grass clippings were also deposited,
resulting in several fires over the course of active operation of the landfill.

Discussion of Possible Contaminants

As a result of interpretation of available information sources pertinent to disposal
practices or isolated disposal events at the BlackweU Landfill, the foUowing hazardous
chemical contamination might be expected to be potentiaUy encountered at the landfiU

during intrusive and sampling activities: cyanides, hydrogen cyanide, metals, municipal
sewage sludges, chlorinated hydrocarbons, and possibly, vinyl chloride. Vinyl chloride is
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listed only generically as certain studies have indicated it as prevalent at least in very
limited concentrations in the landfill gas sampled at most landfills. There exists the
possibility of identification of a wider range of contaminants on-site once initial sampling
results are obtained and interpreted.
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SECTIONS
HAZARD EVALUATION

Substances of Concern
As a result of the available information base referencing site history and disposal
practices at the Blackwell Landfill the following substances are expected to be
potentially present at concentrations which could represent hazards to unprotected
project workers.

A total of twenty-one different volatile organic compounds (VOCs) have been detected
in groundwater at the Blackwell site at one time or another, but five have been most
commonly detected:

1,2-DCA 1,2-Dichloroethane
1,1-DCA 1,1-Dichloroethane
1,2-C-DCE 1,2-Cis-Dichloroethylene
1,2-T-DCE 1,2-Trans-Dichloroethylene
TCE Trichloroethylene

Additionally, 1,2-Dichloropropane (1,2-DCP), was detected in well G-128S and was used
by the U.S. EPA to calculate a Hazard Ranking Score (HRS) for the site. 1,2-DCP is not
found consistently in high concentrations at the site.

Also other hazards of concern are from:

• Sewage sludges (possibly containing residual infectious organisms hazards); and

• Landfill gas (potential for explosion or fire along with possibility of vinyl
chloride at low concentrations).

The potential health hazards of the listed parameters and substituents of the above waste
streams, including routes of exposure, PELs, TLVs, target organs, and symptoms of
overexposure are discussed in the subsections which immediately follow.

Chlorinated Hydrocarbons
These compounds are highly mobile, migrating easily through water, air, and soil. They
are persistent in the underground environment, although they may degrade at the surface
under the influence of ultra-violet light These compounds can decompose thermally to
toxic phosgene gas.
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Chlorinated hydrocarbons may act on the central nervous system, either as a stimulant or
depressant. Mild exposure may cause such symptoms as dizziness, nausea, abdominal
pain, and vomiting. In chronic (long-term) exposure, loss of weight and appetite may
occur. Moderately severe exposure presents those symptoms given above followed by
severe irritability, convulsive seizures, and coma.

Compounds from this class of chemicals found at the site are:

l^-Dichloroethane - a clear, flammable liquid used primarily as a raw material in
the production of vinyl chloride. It is also used as a cleaning solvent and sealant It
can be absorbed through the airways, the skin and the gastrointestinal tract It has
an odor threshold that varies from 2 to 6 ppm. In high concentrations it is
immediately irritating to the eyes, nose, throat and skin. OSHA recommends a PEL
of 50 ppm and the ACGIH recommends a TLV of 10 ppm. It is also a suspected
carcinogen,

lfl-Dichloroethane - a colorless, aromatic liquid. Use primarily as an extraction
solvent and a fumigant. It can be absorbed through the airways, the skin and the
gastrointestinal track. The OSHA PEL is 100 ppm; the ACGIH recommends a TLV
of 200 ppm and a STEL of 250 ppm. Symptoms of exposure are skin irritation,
drowsiness, unconscious; liver and kidney damage.

SYM-Dichloroethylene - It exists as CIS- and TRANS-. It is a colorless, low boiling
liquid. It is primarily used as solvent; it is moderately toxic by ingestion, inhalation
and skin contact; irritant and a narcotic in high concentrations. The OSHA PEL for
this compound is 200 ppm. ACGIH recommends a TLV of 200 ppm

Trichloroethylene (TCE) - a colorless, non-flammable liquid with a sweet odor like
chloroform. Can be adsorbed through the skin. Inhalation and ingestion are also
routes of exposure. Symptoms of exposure include headaches, dizziness, disturbed
vision, nausea, vomiting, and eye irritation. Fatalities have occurred following
severe, acute exposures. It has been known to cause cancer in laboratory animals.
OSHA recommends a PEL of 100 ppm; ACGIH recommends a TLV of 50 ppm,
and a STEL of 200 ppm. Odor threshold is 50 ppm,

Vinyl Chloride - an easily liquefied gas with a faintly sweet odor. It may affect the
central nervous system, liver, respiratory system and lymphatic system. It is a known
carcinogen. OSHA recommends a PEL of 1 ppm; The ACGIH recommends a TLV
of 5 ppm.

Some of the common metals that can be found at the site include:
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Chromium
Ingestion or inhalation of chromium may lead to histologic fibrosis of the lungs. The
OSHA PEL for Chromium metal and insoluble salts is 1 mg/cubic meter as Cr, for
chromic acid and chromates, the PEL is 0.1 mg/cubic meter as CrO3; and for chromium,

soluble chromic acid and chromous salts (as Cr), 0.5 mg/cubic meter.

The NIOSH REL for carcinogenic chromium (VI) compounds is 1 ug/cubic meter
Cr(VI). The TLV for chromium (VI) is 0.05 mg/cubic meter, and the IDLH Level is 500
mg/cubic meter. This element is also a suspected carcinogen. Chromium poses a
potential health risk by inhalation, ingestion, or skin absorption. Its allowable airborne
concentration has been established at 05 milligrams per cubic meter of air. Exposure to
chromium may cause an allergic type reaction producing dermatitis or lung irritation.
Symptoms of exposure may include coughing, wheezing, headaches, difficult breathing,
and fever. The skin may become red, inflamed, itch, and ulceration may occur.

Nickel
Nickel and soluble nickel compounds are capable of producing sensitization dermatitis
and/or allergic asthma in certain individuals. Furthermore, inhalation of many nickel
compounds via their presence on airborne dusts can produce severe irritation of the
nasal cavities and pneumonitis. Some of these compounds have been proved to be
cancer producing in humans via inhalation. Care should be taken to prevent any skin
contact with and/or inhalation of dusts containing such compounds. The recommended
OSHA PEL for Nickel, metal and soluble compounds as Ni, is 1 mg/cubic meter. The
TLV for soluble compounds of nickel is 0.1 mg/cubic meter while the TLV for nickel or
its insoluble compounds is 1 mg/cubic meter.

Cyanide
Most cyanide compounds and hydrogen cyanide (HCN) gas can be readily absorbed
through the skin. Inhalation of HCN or dust of cyanide compounds and ingestion of
cyanide compounds are also a route of entry. Skin absorption is accelerated by sweating
and the presence of open wounds. Once cyanide has entered the body, it acts as a very
rapid acting blood poison interrupting the transport of oxygen.
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Cyanide and cyanide compounds are mainly of concern in regard to the respiratory
dangers they present Hydrogen cyanide gas and volatile cyanides are all highly toxic by
brief, high level exposures and can cause death. Cyanide is a noncumulative poison, and
therefore chronic toxicity is not a major concern. Acute exposure to hydrogen cyanide
may result in symptoms such as headache, weakness, changes in taste and smell,
irritation of throat, vomiting, difficulty breathing, abdominal colic, and nervous
instability. Hydrogen cyanide has the characteristic faint odor of bitter almond. The
OSHA PEL for cyanides as CN is 5 mg/cubic meter. The TLV for cyanide as CN is 5
mg/cubic meter.

Other concern for workers at the site is:

Sewage Sludge
Possible negative health effects from direct contact with or possible inhalation or
ingestion of dusts containing residual septic potential. Prudent work practices, use of
personal protective equipment, and use of respiratory protection incorporating HEPA
filters during any dusty conditions should minimize the potential for exposure to such
biological hazards.

Physical Hazards
The hazard of possible injuries due to trips or falls exist on this project due to the
inherent physical nature of the work being performed and to the general topography of
the landfill. The physical hazards of drilling activities include possible accidental contact
with rotating drill augers or moving equipment in general, the potential for contacting
active utility lines, <uiu the potential for fire or explosion when encountering methane or
other flammable gas concentrations in the boreholes.

In general, proper use of personal protective equipment, safe work practices and
standard operating procedures as described in the Site health and Safety Plan will
minimize the potentials for accidental injury or overexposure of project personnel to
hazardous substances present at this site.
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SECTION 4
WORK PLAN SUMMARY

General

The scope of work expected to be completed on-site in accordance with the approved
site Work Plan addresses interdependent objectives and requirements of the RI and of
the FS. The primary objective of the RI is determination of the nature and extent of site
contamination in order to support the activities of the FS. The primary objective of the
FS is to develop and activate appropriate remedial action alternatives based on the RI
data. This scope of on-site work includes the following major task areas:

• Investigate Site Characteristics

• Define Sources of Contamination

• Determine the Nature and Extent of Contamination

Preliminary Site Evaluation

Preliminary site evaluation will be conducted via monitoring of ambient air for general
levels of toxic gases, volatile organic compounds, explosive/oxygen deficient
atmospheres, and other parameters as determined to be appropriate.

The site will be initially survey with the instruments indicated below. All readings from
each instrument will be taken at the breathing level when applicable or near a possible
source; all the readings will also be documented in the field logbook (refer to page 11-12
for action levels). Instruments will be calibrated at the beginning and at the end of eacn
work day.

An HNu photoionization detector (with a 10.2 eV lamp or equivalent) will be used to
monitor the total volatile organic compounds. Explosive atmospheres will be detected
with a Gastech 1939OX percent gas and oxygen indicator (or equivalent); and a
Radiation Alert Monitor 4 (or equivalent) will be used to detect the presence of
radioactive materials.

Drager (or equivalent) detector tubes, will be used for detection of hydrogen cyanide and
vinyl chloride.
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Source Characterization Activities
Source characterization activities will include conducting geophysical surveys of the site
and adjacent to the landfill, soil gas screening, test borings in the landfill, and
constructing and sampling of leachate wells.

The geophysical investigation will be accomplished via electromagnetic (EM) surveys
conducted by a subcontractor of Warzyn, with oversight by Warzyn personnel.
Geophysical surveys will be scheduled and performed over a five day period prior to
initiation of any intrusive field activities. Final surveys conducted will utilize IS or 20-
foot grid layouts.

Numerous field activities will be conducted to complete the hydrogeologic
characterization. These may include: the placement of staff gages to document surface
water levels; the construction and sampling of 4 leachate head wells in the landfill; and
the construction of 4 new monitoring wells and sampling of up to 30 monitoring wells
surrounding the landfill. Water levels will be measured at the staff gages, headwells, and
monitoring wells on several occasions, and bail down tests will be conducted at 10
monitoring wells to provide estimates of the hydraulic properties of the aquifer.

The installation and sampling of the wells will be sequenced to make optimal use of all
sampling locations. Four monitoring wells will be installed in two-well nests at the two
locations. The water levels will be used to construct plan view and cross-sectional
potentiometric maps to evaluate potential groundwater flow paths.

The following tasks will be conducted during the investigation to make optimal use of the
monitoring well locations and sampling rounds.

• Two leachate samples will be collected at the landfill wells. Analyses will
include the TAL, TCL, and inorganic indicator compounds including: chloride,
sulfate, total Kjeldahl nitrogen, ammonia, nitrate plus nitrite, total phosphorus,
and total dissolved solids.

• Four monitoring wells will be installed at 2 locations southwest of the landfill
locations will be determined from the results of auger probes in the area
southwest of the landfill. Monitoring well nests will be constructed by
completing two wells at each location, screened at different depths. At each
location, a shallow well will be constructed with a 5-foot screen placed at the
base of the sand and gravel zone and a second well, with a 5-foot screen will be
located just below the bedrock surface.
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Aquifer properties will be tested by slug test methods at the 4 new monitoring
wells.

Staff gages (elevation reference markers) will be placed in Silver Lake, the
closed Swim Lake, the Supply Lake; at four locations along Spring Brook, and at
two locations along the west branch of the DuPage River.

Reference elevations will be surveyed and water levels will be measured at the
monitoring wells, leachate head wells, and staff gages.

One round of samples will be collected at 26 monitoring wells and analyzed.
Analysis will include the TCL and TAL parameters, and inorganic indicator
compounds including: chloride, sulfate, total Kjeldahl nitrogen, ammonia, nitrate
plus nitrite, and phosphorus. (Semi-volatile organic analyses may be eliminated
from the parameter list if they were not detected in the leachate samples).

Contamination Characterization
Based upon analytical results of samplings and air monitoring conducted during previous
investigations, an identification of contamination will be made which targets a limited
number of substances from the total contaminants detected at the site. This group of high
risk substances would then be the objective of further characterization efforts. Factors in
this identification process include screening initial sample information and potential
exposure pathways, intrinsic toxicity of compound. Ultimately, through exposure
assessments and risk characterizations, an Endangerment Assessment (EA) will be
completed which will identify and characterize immediate and potential risks to public
health and the environment associated with any identified hazardous substance release.
The EA assesses the baseline risks at the site assuming "no action" to remediate the site.

Surveillance Activities and Action Levels
The air monitoring program will begin with an air monitoring survey of the site to assess
the ambient conditions. The frequency of on-going air monitoring, for tasks which do not
disturb the ground, will be determined in part based on this survey. Other factors such as
temperature and windspeed will also be considered.
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Air monitoring will be conducted during tasks which disturb any in-situ conditions of the
site environment A minimum frequency of once every two hours will be the protocol for
this monitoring. Examples of such tasks would be sediment sampling and groundwater
sampling.

| Continuous air monitoring will be conducted during highly intrusive activities such as
drilling. This will include monitoring for relative levels of VOCs, levels of methane and
hydrogen cyanide.

An HNu Photoionizer (with 10.2 ev lamp) will be used by the Site Safety Officer for
monitoring of air quality at the work sites. This will be done to assess the relative levels of
organic airborne contaminants, aiding in site assessment

A Gastech Model 1939-OX Percent Gas and Oxygen Indicator will be used to detect any
presence of explosive landfill gases and determine available oxygen levels.

A Monitox hydrogen cyanide detector will be used to detect hydrogen cyanide during waste
characterization operations.

A Radiation Alert Monitor 4 will be used to detect the presence of radioactive materials.

Selected "Draeger-type" tubes will be available for utilization in testing for the presence of
particular volatile toxic compounds such as hydrogen cyanide or vinyl chloride.

The following action levels will be observed during general on-site activities. Minimum
requirements for protection levels for specific tasks which were described earlier in this
section must be adhered to even though monitored levels may be below action levels.

EXPLOSIMETER (Ambient Air Measurements')

0-10% LEL - proceed w/caution

10-25% LEL - proceed w/caution, be prepared to shut-down quickly
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over25%LEL- shut-down immediately and evacuate. Do not resume
excavation until LEL falls below 10%. If LEL remains above
25%, the site safety officer will consult with the USEPA.
Remedial Project Manager (RPM) to determine appropriate
actions in response to such changing conditions.

NOTE: In the event that Confined Space Entry would apply to a given work
activity and location, do not follow these action levels, but refer to Section 11 and
Appendix E for action levels.

HNu (Breathing Zone)

• Enter Site at Level D

• If task requires a minimum protection level upgrade to that level before entry
into work area

• 5 ppm or greater detected, upgrade to Level C

• 50 ppm or greater detected, discontinue operations or upgrade to Level B

• Monitor ambient air as continuously as is possible to detect changes in relative
volatile organic compounds levels

MQNITOX

. A level of 10 ppm hydrogen cyanide will require immediate evacuation of the
work area.

. The Site Safety Officer will verify the monitor reading by back-up sampling the
area with hydrogen cyanide "Draeger-Type" tubes. If the results are positive, the
hydrogen cyanide contingency plan (Appendix G of this plan) will be initiated.

RADIATION AT .FRT MONITOR 4

• A level of 0.02 MR/hr will be used as background reading.

• Action level established at Warzyn is 0.05 MR/hr. Should the readings go above
this action level, work is to stop immediately and the site safety officer notified.

. If the readings during intrusive operations exceed background at the site, the
RPM is to be consulted and made aware of the higher readings. Upon noticing
any higher than background readings, it may be useful to use the radiation alert
monitor to locate any possible source areas (by use of equipotential contour
mapping) to ensure a minimum of exposure to radioactive source materials.



I
I
I
I
1

I
I
I
1
I
I
I
I
I
I
I
I
I

Site Health and Safety Plan Page: 13 of 36
Blackwell Landfill NPL Site REVISION. Final
DuPage County, Illinois August 10,1990

VINYL CHLORIDE When working in the areas where vinyl chloride has been detected,
if at any time, the HNu readings exceeds 5 ppm, a vinyl chloride tube will be utilized to
detect the presence of it. If the concentration suggested by readings on tube exceeds 5
ppm of vinyl chloride, work will immediately cease. The site safety officer will upgrade
level of protection to Level 8 or, delay restart of such operations until vinyl chloride
levels are below 1 ppm as indicated on detector tubes. Any time work is stopped due to
elevated monitox or HNu readings, respirator cartridges will be changed prior to re-
initiation of project work at Level C.

Some of the subtasks outlined in the work plan will be initiated in Level D personal
protection. Level D has been selected because those activities appear to have low
potential for exposure of field personnel to hazardous materials. The Site Safety Officer
is responsible for upgrading Level D activities to Level C or B based on soil moisture
conditions and wind factors or on action levels being reached as determined by
instrument readings.

Standard Operating Procedures
Personal Precautions

Eating, drinking, chewing gum or tobacco, smoking, or any practice that
increases the probability of hand-to-mouth transfer and ingestion of material is
prohibited in any area designated contaminated.

Hands and face must be thoroughly washed upon leaving the work area.

Whenever decontamination procedures for outer garments are in effect, the
entire body should be thoroughly washed as soon as possible after the
protective garment is removed.

No facial hair which interferes with a satisfactory fit of the mask-to-face-seal is
allowed on personnel required to wear respirators.

Contact with contaminated or suspected contaminated surfaces should be
avoided. Whenever possible, do not walk through puddles, leachate, discolored
surfaces, kneel on ground, lean, sit, or place equipment on drums, containers,
or the ground.
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Medicine and alcohol can potentiate the effects from exposure to toxic
chemicals. Prescribed drugs should not be taken by personnel at hazardous
waste operations where the potential for absorption, inhalation, or ingestion of
toxic substances exists unless specifically approved by a qualified physician.

All personnel must be familiar with standard operating safety procedures and
any additional instructions and information contained in the Site Safety Plan.

All personnel must adhere to the information contained in the Site Safety Plan.

Contact lenses cannot be worn when the hazard of a splash exists, or where
wearing a respirator.

Personnel will be aware of symptoms of exposure to toxic chemicals on site and
for heat or cold stress.

Respirators shall be cleaned and disinfected after each day's use or more often,
if necessary.

Use, maintenance and storage of respiratory equipment is the ultimate
responsibility of each user. All personnel wearing respiratory protection must
follow the Site Respiratory Protection Program (Appendix D of this plant).

Prior to donning, respirators will be inspected for worn or deteriorated parts.
Emergency respirators and self-contained breathing devices will be inspected at
least once a month and after each use.

The employee will be familiar with all sections of the established respiratory
protection program.

Operations

All personnel going on-site must be aJ,njately trained ZL._' horoughly briefed
on anticipated hazards, equipment to be worn, safety practices to be followed,
emergency procedures, and communications. All personnel must read the
Health and Safety Plan prior to beginning of project work.

Site health and safety briefings must be conducted on a daily basis or as
necessary, as changes in site conditions occur. Health and Safety Plans will be
given to contractors and subcontractors to become familiar with the hazards at
the site.
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Health and Safety plan will be amended as site conditions change.

Any required respiratory protective devices and clothing must be worn by all
personnel going into areas designated for wearing protective equipment.

Personnel on-site must use the buddy system when wearing respiratory
protective equipment. As a minimum, an extra person, suitably equipped as a

I safety back-up, is required during extremely hazardous entries.

Visual contact must be maintained between pairs on-site and safety personnel.
{ Entry team members should remain close together to assist each other during

emergencies.

I During continual operations, on-site workers act as safety back-up to each
other. Off-site personnel provide emergency assistance other than first-aid for
manageable injuries.

I • Personnel should practice unfamiliar operations prior to doing the actual
procedure.

I • Entrance and exit locations must be designated and emergency escape routes
delineated. Warning signals for site evacuation must be established.

I • Communications using radios, hand signals, or other means must be maintained
•• between initial entry members at all times. Emergency communications will be

prearranged for situations involving radio failure, necessity for evacuation of
J site, or other reasons.

Wind indicators visible to all personnel will be strategically located throughout
the site.

Personnel and equipment in the contaminated area should be minimized,
iw^t with effective site operations.

A site "sign in and out" log will be used to control and monitor site areas. All
personnel accessing site must utilize this log.

Access controls including warning signs and barriers will be utilized at
excavations, control zones and areas known to have dangerous contamination
levels of known carcinogens.

If at all possible, personnel will refrain from entry into any excavations. If
personnel entry into an excavation greater than 5 feet deep is necessary all
applicable OSHA requirements must be met. The excavation must be
evaluated for applicability of confined space entry requirements prior to entry.
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Prior to mobilization at the site, personal contact is to be made with emergency
room personnel, the Poison Control Center, the local fire department and
police. If outside of an established town, contact shall be made with county
officials and local emergency services.

Eye wash fountains, toilet facilities, and first aid equipment will be readily
available on-site; potable water will be provided throughout all site work
activities. Warzyn personnel are to have current first aid and medical
emergency training.

Provisions for the rapid identification of the substance to which the worker has
been exposed. This information must be given to medical personnel.

Procedures for decontamination of injured workers and preventing
contamination of medical personnel, equipment, and facilities.

Sufficient water and/or dry chemical fire extinguishers and neutralizing agents
will be maintained on site to aid in initial containment of any fire or release
before emergency services can arrive.
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SECTIONS
DECONTAMINATION PROCEDURES

Personnel Decontamination

Every attempt with be made to prevent direct contact with contaminated materials. The
sequential removal and decontamination or disposal of potentially contaminated
personal protective equipment is required to prevent the migration of contaminants to
support where personal protective equipment is not required.

I

I

I
All personal equipment and vehicles coming into direct contact with contaminated

| materials or areas will be required to go through decontamination procedures.

I

I

I
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Site personnel decontamination procedures are as follows:

• Prior to entering the contamination reduction zone, removed gross
contamination from protective garments and footwear;

• Remove and store outer latex booties in heavy duty polyethylene bags;

• Wash inner boots in a phosphate free detergent solution (i.e., Liqui-Nox or
equivalent) in bootwash tub using circular motion of each foot alternately under
water surface; brush as necessary with soft bristled long handled brush;

• Clean outer gloves in a phosphate free detergent solution (i.e., Liqui-Nox or
equivalent); discard if too soiled to clean thoroughly;

• Remove and store polycoated tyvek suits in heavy duty polyethylene bags;

• If applicable, remove respirator or SCBA and perform decontamination
procedures on respirator per manufacturer's recommendations;

• Remove and store surgical gloves in heavy duty polyethylene bags;

• Wash hands in hand wash;

• Upon reaching washroom facilities, wash face and hands thoroughly.
(Recommend showering at end of each work day at first opportunity).

All site personnel involved with work activities in the contamination zones will abide by
the aforementioned decontamination procedures. Contamination and contamination

reduction zones will be established each time that intrusive operations initially occur at a
given location.
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Equipment Decontamination
All equipment entering the contamination zone and directly contacting the surface of the
ground or any contaminated materials must follow the decontamination procedures
described below.

• All equipment decontamination is to occur on-site;

• Gross contamination will be removed with a brush and a phosphate free
detergent solution in the contamination zones;

• Steam cleaning will follow at the designated equipment decontamination station;

• Any equipment left on-site at the end of the day in a contaminated status will be
left on the contaminated portion of the equipment decon station.

All sampling equipment, including spilt-spoons, shelby tubes, augers, trowels, spoons,
water sampling equipment, etc., will be decontaminated after each use. Special care will
be taken that all split-spoons and shelby tubes are thoroughly decontaminated prior to
use at the site. Similarly, any paint or split-spoons will be thoroughly removed prior to
use. Decontamination of sampling equipment must include a wash with a phosphate free
detergent solution and a triple rinse with distilled water.

Bags of used personal protective equipment, decontamination wash waters and cuttings
from the drilling activities will be stored on-site as separate waste streams in DOT
approved 55-gallon hazardous waste drums. These will be staged on visqueen and the
storage area bermed. Tarping will be utilized as necessary.

Prior to drill rigs or other heavy equipment leaving site, such equipment will undergo full
decontamination procedures as described in this section of the Health and Safety Plan.
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SECTION 6
DISPOSAL OF INVESTIGATION DERIVED WASTE MATERIALS

Used wash water generated at the Personnel Decontamination Area will be considered
non-hazardous, not warranting special waste disposal. This water will be disposed at the
site where it was generated. Contaminants brushed off or removed by steam cleaning
from equipment and vehicles will be stored in DOT approved 55-gallon drums.

Personal protective equipment will be decontaminated at the site, and then bagged and
disposed of off-site as a non-hazardous waste.

Soil, waste cuttings, and purge water from soil boring, well installations, and sampling
will remain on-site and stored in DOT approved 55-gallon drums. These materials will
be handled in accordance with the approved RI report and disposed at the completion of
the RI/FS activities pending the analytical findings of the RI/FS sampling and/or
remediation alternative selection.
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SECTION 7
THERMAL STRESS CONDITIONS

Special care will be taken to insure that work crew personnel do not suffer physical
distress as a result of working under hot or cold weather conditions. This is particularly a
concern where work activity is conducted at Level C or Level B personal protection
during warm or hot weather. This is discussed in Appendix C Guidelines presented in
that discussion will be generally followed Individual physical differences and varying
susceptibilities to heat stress must be considered in scheduling work activities and break
periods.
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SECTIONS
WORK LIMITATIONS

In general, all field activities will be restricted to daylight hours. No drilling or other
heavy machinery will be operated after daylight hours. High winds or lightning
conditions will necessitate shut-down of drilling operations. In the event of rain, the Site
Safety Officer will evaluate the need for suspending drilling operations. The Site Safety
Officer and Site Supervisor will be responsible for determining continuance/shut-down
of field activities during adverse weather conditions.
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SECTION*
PERSONAL PROTECTIVE EQUIPMENT

A minimum level of protection for site personnel performing activities as defined under
the scope of work as outlined in this plan will be Level D. The following levels of
personal protection are applicable to this site:

Level D Protection
Work uniform
Steel-toed and steel-shanked chemical resistant boots
Safety glasses
Hardhat

Modified Level D Protection
Work uniform
Durable and disposable chemical resistant outer gloves (nitrile/neoprene)
Disposable inner gloves (latex)
Steel-toed and steel-shanked chemical resistant boots
Disposable pullover booties
Safety glasses
Hardhat (with faceshield, if handling hazardous liquids)
Disposable tyvek (or similar chemical resistant) coverall
Earplugs (as required)

Level C Protection
Work uniform
Durable and disposable chemical resistant outer gloves (nitrile/neoprene)
Disposable inner gloves (latex)
Steel-toed, and steel-shanked chemical resistant boots
Disposable pullover booties
Hardhat
Earplugs (as required)
Full-face air purifying respirator, NIOSH approved with high efficiency combination
organic vapors/HEPA cartridges
Disposable tyvek (or similar chemical resistant) coverall
(duct tape seams between suit and gloves/boots) if working in wet areas, areas of
concentrated hazardous contaminants or waste)
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NOTE: All project personnel working immediately adjacent to operating drill rig must
not wear loose clothing. If wearing tyvek, it must be securely taped at seams and pulled
flat to body with extra taping. Be alert at all times when working adjacent to or directly
with drilling equipment Never directly contact any rotating auger. Respirator cartridges
will be changed at least each day, with more frequent changes based upon the levels of
any detected concentrations of vinyl chloride.

Level B Protection
Same as Level C, except replace the air purifying respirator with a NIOSH approved self-
contained breathing apparatus with full face piece and operating in either pressure-
demand or positive pressure mode. Level B protection would only be available as
emergency equipment to respond to an emergency situation on-site involving an
incapacitating accidental injury of a project worker due to unknown cause or chemical
release.

Protection Levels for Specific Tasks
Specific Field Tasks
Site Survey - Surveying personnel will wear Level D protection.

Geophysical Survey - Surveying personnel will wear Level D protection.

Surface Water and Sediment Sampling - Sampling personnel will begin activities at Level
D with possible upgrade or downgrade by the Site Safety Officer based upon site
'•onditions and air monitoring results.

Install Leachate Wells - Level C protection will be worn during installation of wells into
the landfill, with possible upgrade or downgrade of level of protection by the Safety
Officer as appropriate with air monitoring results and changing site conditions.

Install Perimeter Landfill Gas Probes - Activity will be conducted at Level C with
possible upgrade or downgrade of level of personal protection by Safety Officer as
appropriate with air monitoring results and changing site conditions.
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Test Near Surface Hydraulic Properties - Activity will begin at level D with possible
upgrade or downgrade of level of personal protection by the Safety Officer as
appropriate with air monitoring results and changing site conditions.

Groundwater Sampling for Perimeter Wells and Leachate Wells - A minimum of
modified Level D protection will be worn for sampling perimeter wells and leachate
wells, with possible upgrade of level of protection by the Safety Officer where
appropriate with monitored conditions.

Soil Borings and Surface Soil Sampling - Level C protection will be worn during surface
soil sampling and soil borings, with possible upgrade or downgrade by the Site Safety
Officer based on air monitoring and changing site conditions.

Well Installation and Aquifer Testing - Level C will be initially worn with possible
upgrade or downgrade by the Site Safety Officer based upon air monitoring results and
changing site conditions.
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( SECTION 10
PERSONNEL RESPONSIBILITIES AND TRAINING

[ Site Organizational Structure

Corporate Project Manager

Site H&S Officer

§ H&S Manager

I
I Site Supervisor

1 ~ Staff

I The Organizational Structure shall be reviewed and updated as necessary to reflect any
• changes at the site.

I Key Personnel
Site Health and Safety Officer:

I Alternate:

Project Manager:.
Alternate:

I Site Supervisor:
Alternate:

The following individual(s) located on site will have the authority and responsibility to
• change levels of protection and, when necessary, shut down the operation:

1. Site Health and Safety Officer
I 2. Site Supervisor

I Personnel Roles
Site Health and Safety Officer - The Site Health and Safety Officer (HSO) is responsible

• for interfacing with Warzyn's Health and Safety Manager.

I
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The HSO may be required to perform various types of area or personnel monitoring for
purposes of verifying worker exposure and proper selection of personal protective
equipment. The HSO is to be consulted before any changes in the recommended
procedures or levels of protective clothing are made. The HSO implements all health
and safety policies according to the H&S Plan; responds to site emergencies and contacts
the appropriate emergency personnel and informs immediately Warzyn's Health and
Safety Manager. The HSO must be at the site at all times; should he/she need to be
away from the site, the project manager will appoint another site safety officer.

Project Managers - The project manager has the primary responsibility for the fulfillment
of the terms of the contract He must oversee operations and verify that all legal and
safety requirements are met It is his duty to keep the project on schedule, within budget
and to communicate daily with the client regarding the progress toward the specified
goals.

I Site Supervisor - The site supervisor is the on-site coordinator and overseer of
operations. It is his duty to maintain site security, supervise the laborers and technicians,

I and implement all procedures (health and safety, decontamination, protective
equipment, etc.).

Employee Education and Training

All operational employees participate in routine health and safety education and training
programs. These programs, directed by the Warzyn Corporate Health and Safety
Manager, are designed to provide these employees with a thorough knowledge of

hazardous materials, health and safety hazard potentials and compliance with federal
OSHA 29 CFR 1910.120(e): 40 hours initial instruction, 8 hours refresher training,
supervisor's additional 8 hours specialized training, and EPA requirements. In addition,
3 days of field experience under a trained, experienced supervisor are required. As a
minimum, this training includes the following:

- General Safety Rules
- Basics of Chemistry
- Basics of Toxicology/Physiology
- Hazardous Materials (types/characteristics)
- Hazard Communication Information
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- Respiratory Protection
- Respirator Training
- Chemical Protective Clothing
- Decontamination Procedures/Personal Hygiene
- Fire Prevention/Protection
- First Aid/CPR
- Atmospheric Testing/Sampling Procedures
- Emergency Response Procedures
- Federal and State Regulations
- Electrical Hazards

Prior to beginning of on-site project activities, or changes in the phases of site work, the
site health and safety officer must make sure that all site personnel are familiarized with
this document and expected hazards; standard operating procedures and safe work
practices are discussed with these personnel. These orientations will be repeated for
newly assigned project personnel as such personnel arrive on-site for later phases of
project work. The site health and safety officer's name will be given to all workers at the
site and it will be posted along with hospital route and map information. In case of
his/her absence, the project manager will appoint a replacement
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SECTION 11
CONFINED SPACE ENTRY

Under the scope of on-site project work as expected to be accomplished during the
conductance of the RI/FS, confined space entry work is not anticipated. Should the
scope of work change or unexpected site conditions develop which necessitate confined
space entry, Warzyn personnel will follow the procedures and protocols contained in
Appendix E of the Health and Safety Plan. These procedures and protocols address the
following categories of concern with relation to permitted, confined-space entry work:

• Application of Warzyn confined space entry procedures;

• Training of individuals involved;

• Air monitoring protocols within confined space;

• Additionally required air monitoring instrumentation (if applicable); and

• Additional PPE requirements (if applicable).
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. SECTION 12
] MEDICAL SURVEILLANCE

I

j Warzyn employees involved with this project work will participate in a medical
surveillance program under the direction of an Occupational Physician, following
requirements under the 40 CFR 1910.120 (f) Section. This program includes baseline,
annual and exit examinations. The typical annual physical examination protocol
includes:

f

- Comprehensive Health and Exposure History
. - Physical Evaluation
] - Urinalysis
1 - Stool Occult Blood

- Blood Chemistry Profile

1 "~ - Hematology Profile
- Pulmonary Function Testing
- Audiometry

| - Vision Testing

Additionally, each Warzyn employee is evaluated to determine if they are physically able
J to perform work while using respiratory protective equipment in compliance with 29
1 CFR Part 1910.134 and ANSI Z88.2-1980.

| At the completion of the exam, the physician provides Warzyn and the employee with a
written evaluation including:

I '? • Physician's opinion on the employee health and medical condition to perform
work at hazardous waste site operations.

• • Recommended limitations upon the employee assigned work.

I • The results of the medical examination and tests.

• A statement that the physician has informed the employee of any medical
I conditions which require further examination or treatment.

Recordkeeping
| All medical records are kept for the duration of employment plus thirty years. Each

employee's record contains:

[ • name and social security number

J - physician's written opinions, recommended limitations, and results of
examination and tests, and

• any employee medical complaints related to exposure to hazardous substances.

I
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SECTION 13
SITE SECURITY AND CONTROL ZONES

Areas of active intrusive operations such as drilling/boring, plus a circumferential buffer
zone of 25-foot radius will define each contamination or exclusion zone. These zones are
restricted to essential operators and monitoring personnel only. Personnel
decontamination (or contamination reduction) zones will be constructed adjacent to
each contamination zone. One equipment decontamination station will be constructed
at an operationally practical location which minimizes possible cross-contamination of
support areas. All zones will be clearly defined with physical demarcation devices in
accordance with prudent practices and applicable guidelines. Only personnel involved in
project work or oversight will enter zones other than support zones during these project
operations. Project personnel on-site each day will check in with appropriate facility
management as applicable, and will log in and log out in the site log book. All project
personnel will enter and leave the site by the facility main gate. All boreholes or any
excavations which are not "backfilled" or "plugged" at the end of the work day, must be
clearly marked with hazard signage including lighted warning barriers.
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SECTION 14
CONTINGENCY PLAN/EMERGENCY RESPONSE

(Copies of the following will be in all field operations vehicles.)

Emergency Action - Standard Operation Procedures
• Name, address, and telephone number of the nearest medical treatment facility

will be conspicuously posted. A map and directions for locating the medical
facility, will be readily available. This route will be verified by the HSO or
alternate prior to beginning work activities.

• Telephone numbers and procedures for obtaining ambulance, emergency, fire
and police services will be conspicuously posted.

• An emergency eye wash fountain, toilet facilities and first aid equipment shall be
readily available on-site.

• Project personnel will be familiarized with emergency routes of egress and
assembly points.

• Every attempt to rapidly identify substances to which the worker has been
exposed shall be made. This information will be given to medical personnel in
the event of an emergency.

• Procedures for decontamination of injured workers and preventing
contamination of medical personnel, equipment, and facilities shall be
communicated to workers.

• Warzyn will have personnel on-site who are trained and certified in first aid and
CPR.

• Sufficient water and/or dry chemical fire extinguishers and neutralizing agents
will be maintained on site to cope with any situation until emergency services
can arrive.

Emergency Actions
Should conditions exist which cause the cessation of work, Warzyn personnel shall
immediately leave the work area and perform decontamination in the nearest safe
location. Immediately telephone the Health and Safety Coordinator, Project Manager or
Corporate Health and Safety Manager to determine further appropriate actions once the
area and personnel are secure and stable. Any necessary medical attention, beyond first
aid, is to be requested from one of the emergency facilities listed under "Emergency

Contact Numbers" in this document. In the event of a fire or explosion, follow
procedures in subsection Fire or Explosion of this Contingency Plan.
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Medical Emergencies

Anyone being transported to a clinic or hospital for treatment will have accessibility to
information on any potential chemical(s) to which they could have been exposed at the
site. lexicological information and/or specific medical records may be secured through
the Warzyn Health and Safety Manager or from Warzyn's medical consultant in the
event of a medical emergency. If determined as prudent or absolutely necessary, first aid
should be administered while waiting for arrival of emergency medical services. Warzyn
personnel trained and certified in first aid and CPR methods will be on-site to deliver
such care in an emergency.

General On-Site First Aid

The following discusses general on-site First Aid procedures for exposure to
contaminants on-site:

• Contaminated Material in Eyes - wash with copious amounts of water for at least
IS minutes. Lift upper and lower lids occasionally. Seek medical attention
immediately. (Eye wash will be available on-site).

• Prior to mobilization at the site, personal contact is to be made with emergency
room personnel, the Poison Control Center, the local fire department and
police. If outside of an established town, contact shall be made with county
officials and local emergency services.

• Sufficient water and/or dry chemical fire extinguishers and neutralizing agents
will be maintained on site to aid in initial containment of any fire or release
before emergency services can arrive.

• Contaminated Materials Contact Skin - For organic materials, promptly wash
area with soap or mild detergent and water. For corrosive materials, flush with
water for at least 5 minutes. Do not rub. Check for signs of skin irritation. Seek
medical attention if unusual appearance of skin or sensation is noted.

• Contaminated Materials Penetrate Protective Clothing - discard protective
clothing and underlying clothing. Wash skin as described above. Confer with
HSO in selection of new protective clothing.

• Inhalation of Contaminated Air - move person to well ventilated area at once. If
individual is not noticeably effected, and has no side effects after 15 minutes,
returning to work is allowed providing the work area is no longer contaminated.
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If individual has not fully recovered, continue to monitor for IS to 20 additional
minutes and seek medical attention if necessary. Use artificial respiration if
breathing has stopped. In such instances, seek medical attention after victim has
resumed breathing. If possible have someone seek medical attention while
person is being resuscitated.

of Contaminated Mfltcrisls • flush mouth with water, being careful not
to swallow. Contact local poison center (see telephone number in Emergency
Response and Information section). When called for, induce vomiting and give
fluids (preferably water) to drink. (DO NOT induce vomiting or give fluids to
any unconscious persons). Seek medical attention promptly.

If at any time, personnel feel fatigued, dizzy, nauseous, or experience headaches, they are
to be moved to a well ventilated area and allowed to rest for 15 to 30 minutes. If
symptoms do not subside, seek medical attention. Should personnel exhibit symptoms of
temperature stress, follow the guidelines for treatment contained in Appendix C of this
plan.

On-Site Communication System
On-site communication procedures will be established in the field during the initial site
briefing or whenever there is a change of site personnel. All emergency signals will be
designated and discussed during such briefing. All employees will be made aware of exit
routes and assembly points to be used in the event of an emergency. A telephone will be
accessible to site personnel during all project field activities defined under the scope of
work.

Work Site Emergency Procedures
In the event of a medical emergency at a work site, work crew personnel will act quickly
and reasonably to remedy the situation. The Site Health and Safety Officer shall give
directions as to how to proceed. If the HSO is incapacitated, the alternate HSO will
direct necessary first aid and contact the appropriate local emergency response agency.

Any rescue attempts are to be directed by the HSO, or a designated alternate. Under no
circumstances is a rescue attempt to be made without the proper PPE. Any rescuer
going into an exclusion zone should have a level of protection equal to or greater than
that worn by the victim.
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Emergency Equipment
The following emergency equipment shall be maintained at the station or in theI

_ operations vehicle as most prudent

• Fire Extinguisher
I • Eye Wash
I • First-Aid Kit

• 5 Gallons of Fresh Water (for flushing of skin, general washing)

I Fire or Explosion
In the event of a fire or explosion, the local fire department should be summoned

j immediately. Upon their arrival the Site Supervisor will advise the fire commander of
the location, nature and identification of the hazardous materials on-site.

If it is safe to do so, employees may

1. Use fire extinguishers available on site to control or extinguish an incipient fire.

2. Remove or isolate flammable or other hazardous materials which may
[ contribute to the incipient fire.

. 3. Extinguish other ignitable sources.

Evacuation Routes
I ;A; Evacuation routes shall be established and updated as necessary during all phases of

project work. Evacuation should be conducted immediately, without regard for
i equipment, under conditions of extreme emergency.

Personnel should preferably exit out through the decontamination station. Personnel
1 should decon if possible; otherwise, doff PPE in a predescribed manner. If exit must be

made from alternate exit personnel shall doff PPE before leaving the site.

i

Primary concern: Prevent severe injury or loss of life.

Emergency Decontamination

I
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When is decontamination to be delayed? If immediate medical treatment is required to
save a life, delay decontamination until the victim is stabilized

When is decontamination to be performed immediately?

• If decontamination can be performed without interfering with essential life-
saving techniques or first aid.

• If a worker has been contaminated with an extremely toxic or corrosive material
which could cause severe injury or loss of life.

• Heat-related illnesses: Remove protective clothing from victim as soon as
possible. Treat victim for beat exhaustion or heat stroke as appropriate to the
symptoms exhibited by the victim. Refer to Appendix C

• Cold-related illnesses: Remove outer layer of clothing upon entering sheltered
area with adequate heat. If clothing is wet, replace all such clothing with dry
clothing. Allow body temperature to warm up slowly. If symptoms of
hypothermia exist, give no food or drink. Monitor person closely. If frostbite is
evident, warm affected parts in warm water (100-105 degrees Fahrenheit).
Loosely wrap affected body parts with sterile gauze.
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Site Health and Safety Plan
Blackwell Landfill NFL Site
DuPage County, Illinois

Emergency Contact Numbers
Wheaton Fire Department (Ambulance)
Wheaton Police
Central DuPage Hospital
ffiPA - Land Pollution Control Division
IEPA Emergency Removal Unit
Illinois Emergency Service Disaster Agency
National Poison Center
National Response Center
CHEMTREC
U.S. Environmental Protection Agency

Emergency Environmental Response (Chicago)
Hazardous Waste Hotline

Elsa Krauss, Health and Safety Coordinator - Warzyn Engineering Inc.
Office
Home

Peter Vagt, Project Manager - Warzyn Engineering Inc.
Office
Home

Mary Ann Latko, Warzyn Health and Safety Manager
Office
Home

Hospital Address: Central DuPage Hospital
25 North Winfield Road
Winfield, Dlinois

Page: 36 of 36
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911
911

(708) 682-1600
(217) 782-6761
(217) 782-3637
(800) 782-7860
(800) 942-5969
(800)424-8802
(800) 424-9300

(312) 353-2318
(800) 621-3191

(708) 691-5068
(708) 668-6850

(708) 691-5058
(708) 232-2810

(608) 274-0558
(608) 455-3191

V721HSP01EVK/pnj/WV
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HEALTH AND SAFETY COMPLIANCE AGREEMENT
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NAMES AND SIGNATURES

All Warzyn employees working on or visiting this site are to sign below,
Indicating that they have read this Site Health and Safety Plan (SSP),
understand Its contents, have been given opportunity to discuss Us contents
with the Site Safety Officer (SSO) and agree to abide by its requirements.

The supervisors of all sub-contractors working under this SSP are to sign
below, Indicating that they have read this Site Health and Safety Plan
(SSP), understand Its contents, have been given opportunity to discuss Us
contents with the Site Safety Officer (SSO) and agree to abide by Us
requirements and enforce compliance with the SSP among their work crews.

Date Name Employer Title Signature
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TEMPERATURE STRESS

Cold stress reduction - engineering controls.

• Use general or spot heating to increase temperature at work site if this
does not create a hazardous si tuation.

• Shield work area from wind.
• Cover metal handles of tools and e q u i p m e n t w i t h the rmal i n s u l a t i n g

materials.
• Do not sit on unprotected metal chair seats.
• Heated rest areas are to be available if work is to be performed In an

equivalent chill temperature of 20°F or below.
• Encourage workers to use heated rest areas regularly.

Cold stress reduction - work practice controls.

• Develop and adhere to work-rest schedule.
• Encourage frequent in take of warm, ca f fe ine - f ree , sweet, n o n - a l c o h o l i c

drinks or soup.
• Schedule work for wannest part of the day.
• Allow and encourage workers to pace themselves and take extra breaks when '

needed.
• Use of buddy system.
• Allow new workers time to adjust before working full time.
• Arrange work to min imize standing or sitting still for long periods of time.
• Reorganize work procedures so as much of a job as possible can be done in a

warn environment.
• Avoid overtime.
• Send worker to warm shelter Immediately 1f any of the following symptoms are

noted:

Onset of heavy shivering.
Frostnip (skin turns white).
Feeling of excessive fatigue.
Drowsiness.
Euphoria.

Remove outer layer of clothing when entering warm shelter.
If clothes are wet,, change to dry work clothes before returning to work in
cold. If not possible, loosen clothing to facilitate evaporation of sweat.
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Heat stress reduction - work practice controls.

• Develop and adhere to work-rest schedule. Take breaks in cool areas.
• Encourage hourly intake of fluids.
• Schedule work for coolest part of the day (early morning, early evening).
• Allow and encourage workers to pace themselves and take extra breaks when

needed.
• Allow new workers time to adjust before working full time: 2051 Day 1 with a

20% increase on each successive day.
• Avoid overtime.
• Use buddy system.

Heat stress monitoring.

• Heart rate: count pulse during 30 second period as early as possible in the
rest period.

• If heart rates exceeds 110 beats per minute (BPH) at beginning of rest
period, shorten next work cycle by 1/3 and keep the rest period the
same.

• If heart rate still exceeds 110 BPM at next rest period, shorten the
following work cycle by 1/3.

• Body water loss: measure weight, + 0.25 LB, at beginning and end of each
work day, wearing similar clothes. Should not exceed 1.5% of total body
weight 1n a work day.

Heat stress - signs and symptoms.

• Heat rash.
• Heat cramps.

• Muscle spasms.
• Pain 1n hands, feet or abdomen.

• Heat exhaustion.

Pale, cool moist skin.
Heavy sweating.
Dizziness.
Nausea.
Fainting.

• Heat stroke.

Red,, hot, usually dry skin.
Lack of or reduced perspiration.
Nausea.
Dizziness, confusion.
Strong, rapid pulse.
Coma.
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ACTIVITY/METABOLISM RATE ESTIMATES

Work Metabolic Rate
Classification Activity (kcal/nrl

light typing 113 • 140
driving car 140 - 160

moderate walking with
lifting/pulling 250 - 350

heavy pick/shovel work 380 • 500

COLD STRESS
WORK/WARM-UP SCHEDULE

Air
Temp.
JC°I1
-15 to -19
-20 to -24
-25 to -29
-30 to -34
-35 to -39
-40 to -44
-45 & below

WORK/BREAK SCHEDULE (MINUTES)
No
Mind .

110/10
110/10
75/10
55/10
40/10
30/10
cease

5 HPH
Wind

110/10
75/10
55/10
40/10
30/10
cease
cease

10 HPH
Wind

75/10
55/10
40/10
30/10
cease
cease
cease

15 HPH
Wind

55/10
40/10
30/10
cease
cease
cease
cease

20 HPH
Wind

40/10
30/10
cease
cease
cease
cease
cease

NOTES

Cold stress schedule applies to moderate - heavy work
activities. For light - moderate work activities, apply
work/break schedule one step lower.

5 HPH wind: light flag moves
10 HPH wind: light flag fully extended
15 HPH wind: raises newspaper sheet
20 HPH wind: bowing and drifting snow



HEAT STRESS
MONITORING SCHEDULE (MINUTES)

Adjusted
Temp
(OF)

above 90
83 - 90
83 - 87
78 - 82
72 - 78

Normal
Work
Clothes

45
60
90
120
150

Impermeable
Work
Clothes

15
30
60
90
120

NOTES

Adjusted temperature > measured temperature
(13 * % sunshine)

Schedule applies to moderate work levels. For heavy work
levels, apply monitoring schedule one step lower.
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RESPIRATORY PROTECTION PROGRAM

i. Introduction
Warzyn Engineering Inc. (Warzyn) has developed its Respiratory Protection Program
(RPP) to meet the Occupational Safety and Health Administration's (OSHA) Safety and
Health Standards, 29 CFR Part 1910.134, 30 CFR Part II and the American National
Standards Institute (ANSI) Standard Z88.2: "Practices for Respiratory Protection" (1980
Revision).

As required in these regulations, Warzyn is responsible for the establishment and
i maintenance of a respiratory protection program. Warzyn will provide respirators to its
i employees when such equipment is necessary to protect the employee's health. The

respirators provided by Warzyn are approved by NIOSH/MSHA and are
j "~ applicable/suitable for their intended use.

j Employees of Warzyn must agree to use the provided respiratory protection equipment
1 in accordance with Warzyn's instructions and training. Each Warzyn employee has
i prime responsibility for the daily care and maintenance of respiratory equipment issued
I to him/her by Warzyn.

1 II. Purpose
The purpose of this document is to establish written Standard Operating Procedures

! (SOPs) to be followed by Warzyn employees to optimize their respiratory protection
' ' during work on hazardous waste sites and other locations. These SOPs contain the
T _ information needed to maintain effective respiratory protection in situations where
1 dangerous atmospheres such as harmful dust, fumes, sprays, mists, fogs, smokes, vapors,

or gases are present and engineering controls can not adequately protect Warzyn
i personnel.

f HI. Scope
* The Warzyn RPP provides four types of respiratory protection to the employee,
. depending on the type and concentration of the contaminants.

1. Air Purifying Respirators (APR)

I • Shall be used in designated areas as per site-specific Health and Safety Plan.



Appendix D Respiratory Protection Plan Page 2 of 12

I
2. Powered Air Purifying Respirators (PAPR)

Shall be used for asbestos-related work.
i
I 3. Self-Contained Breathing Apparatus (SCBA)

Shall be used at sites where the level of airborne organic vapors or oxygen
requires this level of protection.

4. Supplied airline respirators (with 5-minute escape packs)

« • Shall be used at sites where the level of airborne organic vapors or oxygen
requires this level of protection.

! -
i Warzyn will generally only allow employees to utilize full face respirators. However,

half-face respirators can be used if asbestos is the only contaminant present (i.e. no
' organic or other vapors). The selection and issuance of such protective equipment will

be uniform to all field employees. Selection of brands and models of respiratory
J equipment utilized will be based upon initial and periodic reviews of such equipment by
' the Warzyn Health and Safety management. These reviews will combine available test
• data, available literature and field evaluation of the performance and effectiveness of
| such equipment. Respirator cartridges will be selected on the basis of the hazard known,

or expected, to be present.

i
Employees expected to wear respiratory protection are instructed in the proper use and

J .-VY, the limitations of the respirators. The training is based on manufacturer's instructions
' and includes, but is not limited to:

I 1. Preparing for fitting
2. Fit testing

i 3. Inspection procedures
j 4. Proper use and wearing instructions

5. Maintenance and sanitation instructions
. 6. The nature of potential airborne exposure hazards

When possible, respirators are assigned to individual employees for their exclusive use

!

for the duration of the project. Employees are responsible for maintenance and
sanitation of respirators assigned to them. Periodic spot checks are made by supervisory
personnel to ensure compliance. When respirators are transported, they are to be kept
in a clean, sanitary place and protected from damage. They are to be stored in a dry,
clean, scalable plastic bag.
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IV. Responsibility and Authority
The Warzyn Health and Safety Manager designates Warzyn personnel who have the
responsibility of implementation of the program. Program maintenance, implementation
and review are the responsibilities of the Warzyn Health and Safety Manager. The
program will undergo an annual re-evaluation by the Warzyn Health and Safety
Management.

i

Warzyn will have available all necessary respiratory equipment as specified in this plan.
, These respirators will in no way be modified by Warzyn or its employees.

V. Medical Surveillance
It is Warzyn's policy that no employee will be assigned to those tasks requiring the use of

> "-" respirators until that employee has been certified as medically fit to wear the designated
* respirators under working conditions. A physician, designated by Warzyn, will make the

determination as to whether or not an employee is fit to wear the respirator and as to
• under what conditions that employee may use the respirator. This medical

determination will be made at least annually, and at other such times as may be deemed
necessary.

i Guidance for Selection of Approved Respirators for Protection Against Hazardous
1 Atmospheres

Respirator protection equipment is selected on the basis of the hazards to which workers
j '-' are exposed and in accordance with all OSHA standards. The selection of respiratory

_ protection equip^,^^i for use in response to hazardous waste site work considers risk to
! life and health, the nature of the equipment available, and relative comfort and ease with

which work may be performed while still achieving an appropriate level of protection.
| This section summarizes the criteria used for equipment selection and the conditions
i under which each type of equipment is to be used.

J The selection of the proper type of respiratory protection equipment for Warzyn-use is
based upon the following criteria.

1. The nature of the hazardous situation encountered.
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2. The type of respiratory hazards, including physical properties, physiological
effects on the body, concentration of toxic material (or airborne radioactivity
level), established permissible time-weighted exposure levels for toxic materials,

. and any established or suspected presence of atmospheres which are
j immediately dangerous to life and health (IDLH).

3. The location of the hazardous area in relation to the nearest area having
j acceptable respirable air.

4. The period of time for which respiratory protection must be provided,

i 5. The activities of Warzyn employees in the hazardous area.

j 6. The physical characteristics, functional capabilities and limitations of the various
j types of respirators.

I 7. Extenuating local environmental conditions including temperature, humidity,
I precipitation, etc.

. 8. Respiratory protection factors.

A. Unknown Atmospheres
i In some instances, it may not be known in advance what toxic or hazardous substance
i may be present at the work location, what the airborne concentration(s) of these

substances at the site are, or if an oxygen deficient atmosphere is present. In these
j instances, it will be assumed that the unknown atmosphere is immediately dangerous to

life and health. In these situations, 29 CFR 1910.134 and ANSI Z882 (1980) require
| T ;.• that an air supplied respirator, such as a pressure-demand or positive-pressure SCBA or

supplied airline respirator with escape bottle, be used.

i Therefore, when Warzyn employees are working at a site with unknown air contaminant
concentrations, such Warzyn personnel will use only these types of air supplied

j respirators. Respiratory protection may be downgraded as appropriate after the
atmosphere has been tested.

B. Known Atmospheres
There are response activities or sites where the contaminants, the concentrations and the
oxygen level are known. In these situations, the OSHA regulations and ANSI Z882
(1980) guidelines prescribe specifical respiratory protection. The following details
respiratory protection which will be provided by Warzyn in such instances:
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I • Atmospheres which are oxygen deficient (less than 19.5% oxygen): only
j respirators which provide an independent source of respirable air can be used

(i.e., SCBAs, SCBAs with air-line sources, supplied air-line respirators, etc.) In
, instances when an employee knows that an atmosphere is oxygen deficient, then
| he/she will utilize one of the above mentioned types of respiratory protective

equipment as directed by the Warzyn site safety officer.

* • Atmospheres in which contaminant levels are IDLH, only respirators which
1 provide an independent source respirable air under positive pressure can be

used.

i • Atmospheres which are not IDLH: in atmospheres encountered that contain
adequate oxygen (19.5% oxygen or more), contaminants with good warning

j properties (taste, smell, irritating) at level below TLV and no contaminants on
1 list of specifically-excluded materials published by respirator manufacturer, air

purifying respirators are acceptable.

The full-face, air-purifying respirator is the style of respirator mask which Warzyn will
generally utilize for its employees. Half-face respirators can only be used when asbestos
is the sole contaminant.

f In the selection of the appropriate air-purifying respirator, OSHA requires that a fit test
I be used. At a minimum, a qualitative fit test must be used with negative-pressure

respirators to determine if there is a proper respirator-to-face seal. The results of this fit
| test are used to select the specific types, makes, and models of negative-pressure

respirators which can be used by each employee. If an employee cannot be fitted
! '̂ j- properly with the brand of respirator routinely utilized by Warzyn, an effort will be made
! to find an acceptable substitute model or brand.
r

i Because of the wide variety of facial characteristics of employees and the wide array of
respirator manufacturers, no respirator will be issued without a proper fit test of the

i individual employee. Each employee who will use an air-purifying respirator must
successfully complete a qualitative fit test using isoamyl acetate and an irritant smoke.

The following policies apply to the fitting and use of respirators:

i • Fit testing for positive-pressure SCBAs is not required.
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[ A Warzyn employee is not allowed to use a respirator of any type if a good seal
cannot be achieved. This means no facial hair or glasses can be worn that will
interfere with the attainment of a good seal. Beards are not allowed on
employees wearing respirators.

* • Persons requiring glasses to function safely shall be provided with specially
mounted inserts inside full-face mask air-purifying or SCBA respirators.

I • If it is found that an employee cannot obtain a good seal because of facial or
medical characteristics whether with the air-purifying respirator or positive-

I pressure SCBA, that employee will not use, or enter an atmosphere that requires
I the use of, that equipment.

| •"• • An employee is allowed to use only the specific make(s) and model(s) of air-
] purifying respirators for which the person has completed a successful qualitative

fit test. Under no circumstances shall a person be allowed to use respirator not
j previously fit-tested if the results of the fit test indicate that the person is unable
| to obtain a satisfactory fit.

. Warzyn's qualitative fit test procedures involve two stages of testing. Stage I is a simple
{ respirator negative- and positive-pressure seal check for face-piece fit. Stage n is the

exposure of the respirator wearer to test atmosphere. This includes two separate
! atmosphere tests to check the adequate fit of the respirator.

J Note: During any fit test, the respirator headstraps must be as comfortable as possible.
I Over-tightening the straps will sometimes reduce face piece leakage, but the

wearer may not be able to tolerate the mask for any period of time.
I • ;'•'"'

I *"" Stage I - Negative Pressure Sealing Checks for Air Purifying Respirators
The wearer can perform this test by himself or herself in the field or office after donning
the air-purifying respirator. Close off the inlet opening of the respirator's cartridges by
covering them with the palm of the hands so as to block the passage of air, inhale gently

| and hold for at least ten seconds. If the face-piece collapses slightly and no inward
leakage of air is detected, the fit of the respirator to the wearer is satisfactory for this

i test.
I
t

Positive Pressure Sealing Check for Air Purifying Respirators
I This test is performed after donning the air purifying respirator and conducted by closing

off the exhalation valve and exhaling gently. The fit of a respirator equipped with a face
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piece is considered to be satisfactory if a slight positive pressure can be built up inside
the face-piece for at least ten seconds without detection of any outward leakage of air.

These tests are also to be used as gross determination of fit just prior to entering any
toxic atmosphere.

Stae n
A person wearing an air-purifying respirator will be exposed to two test agents: isoamyl
acetate (an odorous vapor) and an irritant smoke. The air-purifying respirator will be
equipped with a cartridge which effectively removes the test agents from respired air. If
the respirator wearer is unable to detect penetration of the test agent into the respirator,
the respirator wearer has achieved a satisfactory fit.

Procedures for the Isoamyl Acetate Test
Isoamyl acetate of banana oil is a chemical which produces a pleasant banana-smelling
organic vapor. It is an easily detectable odor. The isoamyl acetate fit-test will be
conducted in an enclosure. Inside the enclosure will be an isoamyl acetate saturated
material. This will produce a concentration of approximately 100 ppm inside the
enclosure. Most people can detect isoamyl acetate at 1 to 10 ppm.

The following isoamyl acetate fit tests will be performed as follows:

1. Put on the air-purifying respirator in a normal manner. The respirator must be
equipped with cartridges specifically designed for protection against organic
vapors.

2. Enter the test enclosure so that the head and shoulders are well inside.

3. If the banana-like odor is detected, return to clean air and readjust the face-
piece and/or adjust the headstraps without unduly tightening them.

4. Repeat step 2. If the banana-like odor is not detected, a satisfactory fit has been
obtained. If the vapor is detected, an attempt should be made to find the
leakage point. If the leak cannot be located, another respirator of the same type
and brand should be tried. If the leak remains, another brand or size respirator
with a face-piece of the same type, should be tried.
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I
. During the test, the subject is to make movements that approximate a normal working
j situation. These may include, but not necessarily limited to, the following:

I 1. Normal breathing.

2. Deep breathing, as during heavy exertion. This should not be done long enough
I to cause hyperventilation.

3. Side-to-side and up-and-down head movements. These movements should
1 approximate those that take place on the job.

4. Talking. This is most easily accomplished by reading a prepared text loud
j ••=> enough to be understood by someone standing nearby.

5. Other exercises may be added depending upon the situation. For example if the
• wearer is going to spend a significant part of his time bent over at some task, it
! may be desirable to include an exercise approximating this bending.

Procedures for the Irritant Smoke Test
This qualitative test involves exposing the respirator wearer to an irritating smoke such
as produced by stannic chloride.

In this test, the wearer usually reacts involuntarily to leakage by coughing or sneezing.
| The likelihood of a false indication of proper fit is reduced. It is advisable to have good
1 ventilation in the room where the testing is to be conducted.

j ^ The irritant smoke test is to be conducted by using an enclosure over the breathing space
of the employee being tested. A small hole is made in the top portion of the enclosure

| so that the irritant smoke can be introduced to the enclosure during the test.

j The air-purifying respirator to be used in this test must be equipped with a high-
1 efficiency paniculate cartridge.

i
! The irritant smoke fit test will be performed as follows:

! 1. Put on the respirator normally, taking care not to tighten the headstraps
I uncomfortably. Once the respirator is on, enter the suspended enclosure so that

the head and shoulders are well inside the enclosure.
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2. Once inside the enclosure, the irritant smoke shall be added in small quantities
by an attendant, pausing between puffs from the applicator, listening for a
reaction.

3. If no leakage is detected, the smoke density may be increased.

4. At this point, if no leakage has been detected, cautiously begin the head
movements and exercises mentioned in the isoamyl acetate test The attendant
is to remain especially alert and be prepared to stop producing smoke
immediately and remove the subject from the bag should be subject begin any
adverse reactions.

5. If leakage is detected at any time, stop inducing the smoke and let the wearer
out of the enclosure to readjust the face piece or headstrap tension. Repeat the
procedure from Step 2 once the respirator is readjusted.

6. If, at the end of all movements and exercise, no penetrations of the irritant
smoke into the respirator were detected, the respirator wearer has a satisfactory
fit.

7. Remove the subject from the test atmosphere.

Warzyn's training procedures are divided into two phases: Initial respiratory protection
| training instruction and refresher training sessions. The following is an explanation of

each phase of Warzyn's training procedures.
t

' Initial Respiratory Protection Training Instruction
• Each employee, upon entry into Warzyn's hazardous waste investigation program, will

receive, from a qualified instructor, training on the proper and safe use of the respiratory
__ equipment. The initial training course, a subsection of the required 40-hour initial

• training course:

' • Regulations and laws concerning use
1

• Reasons for the need of respiratory protection
i
i • Basic respiratory protection practices and equipment

i • Nature, extent and effects of respiratory hazards to which employees may be
| exposed

. • A general explanation of available respiratory protection equipment and devices
i and their uses and limitations
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• • Selection parameters to be followed in choosing respiratory protection
equipment

( • How to don and wear properly, check face piece-to-face seal, qualitative fit test
I
1 • Explanation of how to perform proper maintenance and storage

j • Classroom and operational instruction in how to recognize and cope with
I emergency respiratory protection requirements during response activities

I Training Review Sessions
' It is the policy of Warzyn that all employees who will use respiratory protection
. ,, equipment shall receive at least annual review training. These sessions will be conducted
( by qualified individuals. SCBA or airline respirator use will not be permitted unless

review training has been completed within the previous six months.

Issuance of Respirators

I Warzyn will maintain sufficient quantities of respiratory protective equipment for
employee use. Where they are required, respirators will be issued to employees for the

. duration of site work. During that time period, the employee has specific responsibilities
{ for its care, use and maintenance. Upon return of the equipment to the company

storeroom, it will be cleaned and serviced prior to storage.

The appropriate, approved cartridges will be provided by Warzyn for any brand of
respirator which Warzyn makes available to employees.

Respirator Maintenance. Inspection. Cleaning aim ocorage
| An integral part of Warzyn's RPP is a conscientious maintenance program for all

respiratory equipment used by company personnel. It is the responsibility of each
| respirator user to inspect his/her respirator for defects before and after each use, to

clean and sanitize his/her respirator after each use, and to store the respirator properly
j so that it will retain its original shape and effectiveness. If defects are noted, the user is
i responsible for delivering the respirator to the designated Warzyn technician for

appropriate repairs. A designated Warzyn employee shall monitor that respirator users
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are complying with the RPP requirements, periodically inspect respiratory equipment for
needed repairs, and inspect all supplied-air respiratory protection equipment, SCBAs
and escape packs monthly.

Cleaning and Sanitization
Each respirator will be cleaned and sanitized after each use by the person to whom it has
been issued.

The cleaning and sanitizing of the units will be accomplished in the following manner:

1. Break the apparatus down to its components. Thoroughly inspect each of the
components for any defects, excessive wear and tear, etc. Discard any used
canisters. Replace any defective or worn parts.

2. Thoroughly wash the face-piece and mask components in a cleaning and
sanitizing solution made according to manufacturer's directions. Scrub
components with a sponge or soft brush to remove dust, dirt, or other
contaminants.

3. Thoroughly rinse all component pieces in warm water. Residuals of the cleaning
and sanitizing solution can cause dermatitis in some individuals.

4. Air dry all components thoroughly, inspect them again for any defects,
reassemble the unit, and store properly until the next use.

Inspection for Defects
The inspection of the respirator will identify damaged or malfunctioning components
before use in a L~.~/dous atmosphere. All respiratory equipment will be inspected
before the apparatus is used and during the cleaning process.

The inspection of respiratory equipment will include a check of tightness of all
connections; the condition of respirator inlets and outlet coverings, head harness and
assembly, valves and connecting tubes; shelf-life dates on all filters, canisters, and
cartridges; and a thorough check of any regulators, alarms and other warning systems.
All rubber and elastomeric parts of the respirator will be checked for pliability, proper
sealing and signs of deterioration. Each air cylinder will be checked for integrity,
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currency of inspection, and readiness for use.

Maintenance and Repair
All parts replacement and repair of respirators will be performed by persons properly
trained in respirator assembly and defect identification. Valves and regulators will be
returned to the manufacturer for repair/or adjustment. IT IS STRICTLY
FORBIDDEN TO SUBSTITUTE ANY PART OF THE RESPIRATOR ASSEMBLY
FOR ANY OTHER BRAND OR TYPE OF RESPIRATOR PART. TO DO SO WILL
INVALIDATE THE CERTIFICATION OF THE RESPIRATOR AND COULD
SIGNIFICANTLY COMPROMISE THE HEALTH/LIFE OF THE USER.

It is the responsibility of a designated Warzyn employee at each Warzyn office to
maintain records of all repairs, mechanical adjustment, and replacement of parts, noting
the date, manufacturer and model number, part number, and technician's name.

Storage of Equipment
All respiratory equipment will be stored to protect it from dust, sunlight, excessive heat,
extreme cold, excessive moisture, damaging chemical, and mechanical damage.
Respirators will be stored individually, not stacked one upon the other or in cramped
spaces, to prevent distortion of rubber or other elastomeric parts. Respirators are to be
stored in sealed plastic bags.

Evaluation of Respirator Program Effectiveness
It is the policy of Warzyn, in compliance with 29 CFR 1910.134 and ANSI Z88.2, ko
regularly inspect and re-evaluate the effectiveness of the company's respiratory
protection program. All employees involved are to be provided with effective respiratory
protection. As further assurance of this protection, periodic monitoring of the user will
be done. The respiratory program will be evaluated annually by the Warzyn Health and
Safety Manager, the written operating procedures may be modified, and corrective
actions will be taken to correct any discovered defects in the program, noting target dates
for implementation.
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Definition of permit
entry confined space

An enclosed space which meets all of the
following criteria:

• Is large enough and laid out in such a way that a
worker could enter and perform work.

• Has limited means of entry and exit such as a storage
bin, hopper, vault, pit or diked area.

• Is not designed for continuous occupancy of the
worker.

• Has one or more of the following characteristics:

• Contains or may contain a hazardous atmosphere.
• Contains potential for engulfment by loose

particles.
• Has an internal lay-out such that someone entering

could be trapped or asphyxiated by inwardly
converging walls or a floor which slopes downward
and tapers to a smaller cross-section.

• Contains any other recognized serious safety or
health hazard.

Even the act of placing your face through the opening of a
permit entry confined space is considered an "entry."

Proposed regulatory
requirements

Entry permit shall authorize entry:

Only by authorized workers.
• Into a specific permit entry confined space.
• For a specific purpose.
• With entry by a specific shift or work crew for a period

not to exceed 24 hours.

Entry permit shall include the following items:

The minimum environmental conditions which are
acceptable for entry and working in the space.

• A means for assuring and certifying that all pre-entry
requirements have been met

• The name or job title of the person authorizing or in
charge of the entry.

• The name of the attendant
• The means for assuring that the on-site rescue team is

available. If no on-site rescue team has been formed,
then the permit must carry the means for assuring that
predesignated outside assistance can be summoned.

-1-
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• Any known hazards or those which could reasonably
be expected to be present in the space.

. • The following requirements may be covered in the permit
1 or by a checklist which is then attached to the permit:

All means of isolation, cleaning, purging or bringing
motion to rest has been done prior to entry to remove
the hazards identified

• Description of any additional hazards that the
activities of the workers in the space could be
reasonably expected to generate. If any special work
practices or procedures must be followed, they must be
listed.

• Any personal protective equipment that is necessary
for the entry or rescue of the workers in the confined
space, should that be necessary.

• Any testing of the atmosphere in the space which must
be done immediately prior to and during the entry
period. Person responsible for this testing must be
listed.

• If hot work will be necessary in the space, it must be
authorized here or on a separate hot work permit
attached to, and noted on, the entry permit

• Any rescue equipment which must be readily available.
If entry will be into an atmosphere which is actually or
potentially immediately endangering to life or health
(IDLH), NIOSH approved positive pressure
atmosphere supplying breathing apparatus or a
positive pressure airline respirator equipped with a
minimum of S-minute emergency escape bottle must
be available at the point of entry.

1

I

••-"*••••,^•rO

Pre-entry testing • Test atmosphere in confined space for:
requirements

• Oxygen levels.
• Flammability.
• Other contaminants that have potential to be present

( • Testing performed by Site Safety Officer or designated
* alternate.

Equipment calibrated, according to manufacturer's
procedures, before and after testing.

-2-
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Isolation

Site Safety Officer
responsibilities

Testing conducted throughout entire portion of space that
workers will occupy during entry, without the use of
ventilation systems.

For vertical entries, use remote probes to measure
atmospheres at various levels.

Test atmosphere outside confined space to make sure
surrounding air is not contaminated.
Atmospheric conditions which are not acceptable include:

• Oxygen levels < 19.5% or >23.5%.
• Flammable gas, vapor or mist concentration > 10%

lower explosive limit (LEL).
• Airborne combustible dust concentration which

reduces visibility to < 5 feet
• Atmospheric concentration >PEL, STEL, TLV or

recommended limit from MSDS.

If test results indicate that atmospheric conditions in the
confined space are not acceptable, entry is prohibited until
atmospheric condition is brought into acceptable limits by
purging, cleaning or ventilating the space.

Confined must be in a "zero energy state" with respect to
chemical, electrical, gravitational, hydraulic, pneumatic,
etc. sources.

All energy sources must be de-energized, relieved,
secured, disconnected and/or restrained.

• Disconnect belt/chain drives and mechanical linkages.
Secure moving parts.

• Depressurize and disconnect supply lines. Use a blank
or cap.

• Lock and tag in-line valves.

Confirm need to enter confined space. Review
tasks that might eliminate need to enter confined space.

Review site health and safety plan to confirm that the
identity of each confined space on-site has been noted. A
confined space is defined as any tank, vessel, silo, storage
bin, hopper, vault, pit, trench, diked area or any other
enclosed space with limited means of egress or entry that
meets one or more of the following criteria:

-3-
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• Contains an actually or potentially hazardous
atmosphere or other recognized safety or health
hazard.

• Contains the potential for engulfment by paniculate
matter or liquid.

• Has an internal lay-out such that someone entering
could be trapped or asphyxiated by inwardly
converging walls or a floor which slopes downward and
tapers to a smaller cross- section.

• Contains any other recognized serious safety or health
hazard.

Prior to the start of site activities:

i • Inform site workers of the location of each confined
space to prevent inadvertent entry.

i • Assure the availability and use of all personal
^ protective equipment and clothing necessary for safe

entry.
j • Assure that rescue and safety related equipment, such
j as lifting or retrieval devices, are readily available

prior to entry. Provide for and require the use of
retrieval lines, or equivalent equipment, to make non-

* entry rescues possible.

• Provide appropriate vehicle and pedestrian guards,
i barriers or other means to protect the entry party and
J attendants from local traffic hazards and to protect non-

entering employees from hazards arising from the
1 '•".; confined space.i • t
r • -^-*
i

• Do not authorize or allow employees who have not been
1 trained in permit entry confined space to enter any
j confined space.

Determine actual and potential hazards associated with
the space at the time of entry. Choose the appropriate
means to execute a safe entry.

Assure all necessary control measures are completed:

• Isolation (i.e., lock-out, blanking, disconnections, etc.).
• Space preparation (i.e., cleaning, purging, inert

atmosphere in place, etc.).
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Persons authorizing/in
charge of entry and/or
Site Safety Officer
responsibilities

Attendant
responsibilities

Assure, by appropriate testing, that the control measures
used are effective. Assure proper calibration of test
and/or monitoring equipment

Determine and evaluate the source (e.g., residue to be
removed from space, leaking valve or pipe in space) of any
atmospheric the contamination found at the time of entry.

Provide an attendant for each permit entry of confined
space.

Complete the Confined Space Entry Isolation/
Preparation Checklist. Identify by job title or name those
persons who must sign the entry permit and the duties of
each, including the person in charge of entry.

Verify that the necessary pre-entry conditions
exist Record conditions and measured
atmospheric
gas levels on a Confined Space Entry Permit

Verify that an on-site rescue team is available if it is to be
used. Record on Confined Space Entry Permit

Verify that the means for summoning the on-site rescue
team or other emergency assistance is operable. Record
on Confined Space Entry Permit.

Complete all portions of Confined Space Entry Permit.
Assure that pre-entry and authorizing signatures portions
of the permit are completed before any employee enters a
permitted-entry confined space.

Terminate the entry upon becoming aware of a non-
permitted condition or conditions which exceed entry
permit limits.

May serve as attendant

Remain outside the permitted-entry confined space.
UNDER NO CIRCUMSTANCES ENTER THE
CONFINED SPACE, EVEN IN AN EMERGENCY.
UNTIL HELP ARRIVES. Do not leave for any reason
while entry continues, except for self-preservation, unless
replaced by a qualified individual.
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OSHA imposed attendant
training requirements

Additional imposed
restrictions

Maintain continuous communication with all authorized
entrants within the permitted-entry confined space by
voice, radio, telephone, visual observation or other equally
effective means.

Order entrants to exit the space at the first indication of a
non-permitted condition, unexpected hazard, indication of
a toxic reaction, unusual conduct of entrants, external
situation that could pose a hazard to the entrants.

Know the procedure and have the means to summon
immediate emergency assistance.

Do not allow any one to enter the confined space to affect
a rescue unless that person is wearing appropriate PPE,
including safety harness with life line and necessary
respiratory protection.

Warn unauthorized persons not to enter, or to exit
immediately if they have entered.

Assist in handling tools and materials, relaying messages.
Prevent fouling of air hoses and life lines in use.

Emergency Action plan (SSP).

Duties of attendant as outlined in company permitted-
entry confined space procedure.

Proper use of communication equipment used to keep in
contact with workers in confined space.

Early warning signs and symptoms of exposure to
contaminants that could be in confined space.

Allow entry into confined only if ill of the
following criteria are met:

• No other non-entry procedure can be used to complete
the necessary work.

• There is no danger of engulfment
• The atmosphere can not become IDLH.
• At least one of the following items is in place:

• The space has been ventilated using a mechanically
powered ventilator for a period of time not less
than that specified in the ventilation nomograph
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for that ventilator and that the ventilation
continues throughout the entry.

• A combination of appropriate atmospheric testing
and mechanically powered ventilation is used.

• Appropriate continuous atmospheric testing
assures that permit conditions are maintained.

• Do not permit non-attendant confined space entries.

Special considerations • Certain work being performed in a confined space, such as
welding, drilling or sludge removal, could cause the
atmosphere in the space to change. Under these
conditions, air monitoring of the confined space is to be
conducted on a continuous basis throughout the time of
entry.

• If workers leave the confined space for any significant
period of time, such as for lunch or other break, the
atmosphere of the confined space must be re-tested
before the workers can re-enter the confined space.

i

i
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j SECTION 3

CALIBRATION

*j.l INTRODUCTION

? The PI 101 Analyzer is designed for trace gas analysis in
i ambient air and is calibrated at HNU with certified standards of

benzene, vinyl chloride and isobutylene. Other optional
J .calibrations are available (e.g., ammonia, ethylene oxide, H2S,
| etc.). Calibration data is given in the data sheet. If a

special calibration has been done, the data is given in the
T Application Data Sheet, which notes the sample source, type of
j calibration (see Section 8, Appendix), and other pertinent

information.
Good instrumentation practice calls for calibration on the

[ species to be measured in the concentration range to be used.
• This procedure assures the operator that the analyzer is

operating properly and will generate reliable data.
» - Some general points to consider when calibrating the PI 101
j are that the analyzer is designed for operation at ambient

conditions and therefore the gas standards used for calibration
f _ should be delivered to the analyzer at aabient temperatures and
I pressure and at the proper flow rates.

WARNING:

f

I

I The PI 101 is a non-destructive analyzer; calibrations using
toxic or hazardous gases must be done in a hood.

i
I The frequency of calibration should be dictated by the

usage of the analyzer and the toxicity of the species measured.
, If the analyzer has been serviced or repaired, calibration
| should be done to verify operation and performance. It is
* recommended that calibration be checked frequently at first

(daily or every other day) and then regularly based on the
' £.-••' confidence level developed.
| '••̂  The normal meter scaleplate is 0 to 20. If the scaleplate

is different, refer to the Application Data Sheet. If there are
j ^ questions, consult the HNU representative before proceeding with
j calibration check.

An accurate and reliable nethod of calibration check is to
use an analyzed gas cylinder in a test setup as shown in Figure

J 3-1 and described below. Additional material on calibration is
given in Section 8, Appendix.

3.2 ANALYZED GAS CYLINDER

a. Concentration - The calibration gas cylinder is to
contain the species of interest made up in an air matrix
at or near the concentration to be analyzed. If the
component is unstable in air, another matrix is to be
used. The final calibration mixture should be similar

\ to the sample the PI 101 will analyze. If the expected
j concentration is not known then a concentration should

be chosen that will cause a scale displacement of 50 to
80Z on the X10 range. Calibration on 110 range will
provide accurate values on the XI range as well.
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SECTION 3.2. ANALYZED GAS CYLINDER cone.

For use on the 0-2000 range, a two-standard
calibration is preferred: one at 70 to 852 of the

« linear range and the other at 25 to 35* of the linear
< range. With the linear range of approximately 600 ppm

for most compounds these points would lie between 420 to
1 510 ppm and 150 to 210 ppm, respectively.
I
1 b. Stability - The calibration gas must be stable within

the cylinder during the period of use. If the
] calibration is required in the field, then use of a
I small cylinder is recommended. In addition, the choice

of cylinder material in contact with the gas must be
; considered (steel, aluminum or teflon). If there are
I any questions, the operator should request stability and

usage information from the gas supplier.

> -̂ ,-

WARNING

Extreme care must be taken in the handling
: of gas cylinders. Contents are under high
I pressure. In some cases, the contents may

be hazardous. Many gas suppliers will
, provide data sheets for the mixtures upon
] request.

c. Delivery - The cylinder containing the calibration
mixture must be connected to a proper regulator.

WARNING

* Never open the valve on a gas cylinder
container without a regulator attached,

i

Leak test all tank/regulator connections as veil as the
, main cylinder valve to prevent toxic or hazardous
! materials from leaking into the vork area. Care must be
1 taken that the materials of construction of the

regulator vill not interact with the calibration gas.

j One method of sampling the calibration gas is
illustrated in Figure 3-1. Connect the cylinder to one
leg of the tee, a flow meter to the opposite leg, and
the probe to the third leg. The flow meter does not
require a valve. If there is a valve, it must be left
wide open. the flowmeter is only to Indicate excess
flow. Adjust the flow from the regulator such that only
a little excess flow is registered at the flownecer.
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"SECTION 3.2, A N A L Y Z E D GAS C Y L I N D E R cone .

1

t
<

k

This insures that the PI 101 sees the calibration gas at
atmospheric pressure and ambient temperature.

d. Usage - Generally, a gas cylinder should not be used
below 200-300 psi as pressure effects could cause
concentration variations. The cylinder should not be
used past the recommended age of the contents as
indicated by the manufacturer. In case of difficulty,
verify the contents and concentration of the gas
cylinder.

e. Alternate means of calibration are possible. For
more information, contact the HNU Service Department.

PROBE

a. Identify the probe by the lamp label. If a question
exists, disassemble the probe and inspect the lamp. The
energy of the lamp is etched into the glass envelope.

b. Connect the probe to the readout assembly, making sure
the red interlock switch is depressed by the ring on the
connector.

c. Set the SPAN pot to the proper value for the probe being
calibrated. Refer to the calibration memo accompanying
the probe.

d. Check the lonization Potential (IP) of the calibration
gas to be used. The IP of the calibration gas must be
at or below the IP of the lamp.

e. Proceed with the calibration as described in Section
3.6. Check the calibration m«?- - for specifi<- ^ata.
If any questions develop, call the HNU representative.

f. NOTE: The 11.7eV lamp has a special cleaning compound.
Do not use water or any other cleaning compound with the
11.7 eV lamp. Do not interchange ion chambers*
amplifier boards or lamps between probes. (See Section
5.2).

3.4 PROCEDURE

a. Battery check - Turn the function switch to BATT.
The needle should be in the green region. If not,
recharge the battery.
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! SECTION 3.4, PROCEDURE cone.
i
I b. Zero set - Turn the function switch to STANDBY.
? In this position the lamp is OFF and no signal is

generated. Set the zero point with the ZERO set
control. The zero can also be set with the function

] switch on the XI position and using a "Hydrocarbon-free"
1 air. In this case "negative" readings are possible if

the analyzer measures a cleaner sample when in service.

i c. 0-20 or 0-200 range - For calibrating on the 0-20 or
0-200 range only one gas standard is required. Turn the

i function switch to the range position and note the meter
] reading. Adjust the SPAN control setting as required to

read the ppm concentration of the standard. Recheck the
, zero setting (step b.). If readjustment is needed,
[ repeat step c. This gives a two-point calibration; zero
* and the gas standard point. Additional calibration

points can be generated by dilution of the standard with
| ••""• zero air if desired (see Section 8).
i • -

d. 0-2000 range - For calibrating on the 0-2000 range, use
' of two s t anda rds is r ecommended as cited in Section
j 3.2a. .First cal ibrate wi th the h igher s t andard using

the SPAN con t ro l for sett ing. Then ca l ibra te wi th the
lower s t a n d a r d us ing the ZERO a d j u s t m e n t . R e p e a t these
several times to ensure that a good cal ibrat ion is
ob ta ined . The a n a l y z e r will be appox ima te ly linear to
better than 600 p p m , (see Figure 3-2). If the ana lyzer
is subsequent ly to be used on the 0-20 or 0-200 range ,
it mus t be reca l ibra ted as described in steps b. and c.
above.

1

1

1

1

]

1

e. Lamp cleaning - If the span setting resulting from
calibration is 0.0 or if calibration cannot be achieved,
then the lamp must be cleaned (see Section 5.2).

f. Lamp replacement - If the lamp output is too low or if
the lamp has failed, it must be replaced (see Section
5.3;.

3.5 CALIBRATION CHECKING

Rapid calibration checking in the field can be accomplished
by use of a small disposable cylinder containing isobutylene.
Immediately after a calibration has been completed, a reading is
taken on a special isobutylene standard. This provides a
reference concentration measurement for later checking in the
field. This can be done at any time with a portable cylinder
containing this same special standard, using this reference
reading as a check, and making adjustments to the analyzer if
necessary. In effect, this is an indirect method of
calibration, one maintaining the calibration to give direct
readings for the original gas mixture, but using the portable
isobutylene cylinder. Details are given in Section 8.2 of the
Appendix.
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I SECTION 5

M A I N T E N A N C E
f
i
f 5.1 I N T R O D U C T I O N

M a i n t e n a n c e of the ana lyzer consists of c l ean ing the l a m p
F and ion c h a m b e r , r e p l a c e m e n t of the l amp or other componen t
] par ts or subassemblies.

W A R N I N G : Turn the f u n c t i o n switch on the cont ro l panel to
the OFF posit ion before any d i sassembly .
Otherwise , h igh vol tage of 1200 V DC will be
present .

W A R N I N G : Use grea t care w h e n o p e r a t i n g the a n a l y z e r w i t h
the readout assembly ou t s ide i ts case due to the
presence of 1200 V DC.

W A R N I N G : Do not look at the l igh t source f r o m any closer
than 6 inches w i t h u n p r o t e c t e d eyes. Observe
only b r i e f l y . C o n t i n u e d exposure to u l t r av io l e t
ene rgy g e n e r a t e d by the l ight source can be
h a r m f u l to eyes ight .

CAUTION: Do not i n t e r change lamps of d i f f e r e n t eV ra t ings
in a probe . A m p l i f i e r and componen t s are
selected for a spec i f ic eV l a m p . A probe w i t h
the wrong l a m p wil l no t o p e r a t e p r o p e r l y .

3 .2 UV LAMP AND ION CHAMBER C L E A N I N G

D u r i n g periods of opera t ion of the a n a l y z e r , dus t or other
fore ign mat t e r could be d r a w n into the probe f o r m i n g deposi ts on
the surface of the UV l a m p or in the ion chamber . This
condi t ion is indicated by meter readings tha t are low, e r ra t ic ,

' uns table , noo-repeatable , or d r i f t i n g , or show a p p a r e n t m o i s t u r e
I sensitivity. These deposits in te r fe re with the ionizat ion
' process and cause er roneous readings. Check for this condi t ion
i m o n t h l y or as requ i red . Cleaning can be accompl i shed as

follows:

a. Disassemble the probe and remove the lamp and ion
chamber (<?ee Section 5.S). Exercise great care in
doing so to p reven t i nadve r t en t damage to these
components .

b. First check the lamp w i n d o w for f o u l i n g by looking at
the sur face at an inc ident angle . Any deposi ts , filos
or discoloration may in te r fe re wi th the ionization
process. Clean the w i n d o w as fo l lows: '-.

\
. \
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)) 9.5 and 10.2 cV lamps

a) First clean by rubbing gently with lenj
tissue dipped in a detergent solution.

b) If this does not remove deposit, apply * small
! amount of HNU cleaning compound (PA101S34)
* directly onto the lens of the lamp and spread

evenly over surface with a non-abrasive tissue
| (e.g. Kim-Wipe) or a lens tissue.
*

c) Wipe off compound with a new tissue.

j d) Rinse with warm water (about 80 degrees F) or
damp tissue to remove all traces of grit or

i oils and any static charge that may have
i built up on the lens. Dry with new tissue.

e) Reinstall lamp in detector and check analyzer
f operation.
i

f) If performance is still not satisfactory
| replace the lamp. See Section 5.3 and
j Section 6.

I 2) 11.7 eV lamp

a) Clean by putting a freon or chlorinated
organic solvent on a tissue and rubbing

j gently.

b) DO NOT CLEAN THIS LAMP WITH WATER OR ANY WATER
MISCIBLE SOLVENTS (methanol or acetone).
It will damage the lamp.

c) DO NOT USE THE CLEANING COMPOUND used for the
9.5 and 10.2 eV lamps under any circumstances
on the 11.7 eV lamp.

c. Then inspect the ion chamber for dust or particulate
deposits. If such matter is present, the chamber can be
cleaned by removing the outer Teflon ring, and the four
screws holding the retaining ring. Carefully move the
retaining ring aside (NOTE: this is soldered) and remove
the screen. A tissue or cotton swab, dry or wetted with
methanol, can be used to clean off any stubborn
deposits. The assembly can also be gently swirled in
•ethanol and dried gently at 50-60 degrees C for
approximately a half hour. No liquid must be present at
reassembly as this would affect the performance. Do not
clean the ion chamber with the HNU cleaning compound
cited above in para. b.l)b).

d. Reassemble the probe and check analyzer operation.

e. If performance is still not satisfactory replace the
lamp. See Section 5.3.
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5.3 LAMP REPLACEMENT

To replace the lamp, disassemble the probe, remove the old
lamp, install a new one of the same eV rating and reassemble.

WARNING

Turn the function switch on the control
• panel to the OFF position before
: disassembly. Otherwise, high voltage of

1200 V DC will be present.

I
i

1

I

1

1

I

CAUTION

Do not exchange lamps of d i f f e r e n t eV
rat ings in a probe. 'Ampl i f ier and
componen t s are selected for a specif ic eV
lamp. A probe wi th the wrong l amp will not
opera te proper ly .

Set the SPAN pot to 9.8 for the 10.2 eV lamp. Remove the
| readout assembly case (see Section 5.6). Locate the gain
' control potentiometer, R48, on the power supply board as shown

on Figure 6-1. Recalibrate the analyzer adjusting this
T potentiometer, R48, with a small screwdriver to obtain the
] specified ppm reading, leaving the SPAN pot set at 9.8.

. For the 9.5 and 11.7 eV lamps see the Application Data
i ££•* Sheet or calibrations memo for the proper span pot settings and
1 "-^ read ings .

W A R N I N G

Use great care when opera t ing the a n a l y z e r
wi th the readout assembly ou t s ide i ts case
due to the presence of 1200 V DC.

i
When calibrat ion is accomplished, t u r n the a n a l y z e r OFF and

replace the readout assembly in its case.

A d j u s t m e n t of R48 potentiometer is used only when a new
lamp is installed. At all other times ad jus tmen t is
accomplished using the SPAN control potentiometer.

If cal ibrat ion cannot be achieved, see Section 6,
Troubleshooting.
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* SECTION 5 cont.

5.4 LAMP SIZE CHANGE

* If different applications for the analyzer would require
different size lamps, separate probes, each with its own eV

T lamp, must be used. A single readout assembly will serve for
4 any of the probes. A change in probe will require resetting of

the zero control and the span pot. Calibration should be
j checked to verify proper operation.

5.5 PROBE DISASSEMBLY/ASSEMBLY

WARNING

Turn the function switch on the control
panel to the off position before
disassembly. Otherwise high voltage of 1200
V DC will be present.
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;tIOH 5.5, PROBE D I S A S S E M B L Y / A S S E M B L Y cone

Disconnect the p r o b e cable c o n n e c t o r a t the r e a d o u t
assembly . Disassemble the probe by f i r s t r e m o v i n g the exhaust
screv at the base of the p r o b e ad j acen t to the h a n d l e (see
Figure 5-1)* Grasp the end cap in one h a n d and the p robe shell
in the o the r , g e n t l y pul l to sepa ra te the end cap and the l a m p
housing f r o m the shell.

Hold the l amp housing wi th the black end cap up r igh t .
Loosen the screws on the top of the end cap, separa te the end
cap and ion chamber f r o m the laap and l amp h o u s i n g .

' CAUTION

T

Care oust be taken so that the ion chamber
does not fall out of the end cap or the
light source does not fall out of the lamp
housing.

i

i Turn the end cap over in the hand. Tap lightly on the top,
• The ion chamber should fall out of the end cap into the hand.

| Place one hand over the top of the lamp housing and tilt
i slightly. The light source will slide out of the housing.

T The amplifier board can be removed from the lamp source
| housing assembly (see Figure 5-2) by unsnapping the coaxial

connector, Jl, and then removing the retaining screw. The
aaplifier board will then slide out of the housing assembly.

1 ' ;

' ' Reassemble the probe by f i r s t s l id ing the l a m p back into
the l amp housing. Place the ion chamber on top of the l a m p

7 "~ housing, mak ing sure that the contacts are proper ly a l igned ,
J The ion chamber f i t s only one way .

T If the ion chamber is to be replaced always use one
j identical to the one being r e m o v e d . Check the a p e r t u r e (soall:

3.0 mm; large: 6.0 mm) at the top of the ion chamber and
•aterials of construction (gold-plated or Teflon) to ensure

! proper rep lacement . See Parts List, Section 7.
j

Place the end cap on top of the ion chamber and replace the
I two screws. Tighten the screws only enough to seal the 0-ring.
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SECTION 5.5, PROBE D I S A S S E M B L Y / A S S E M B L Y con t

1

i

I

1

I

I

I

CAUTION

Do not over-tighten these screws.

• Line up the pins (pogo contacts) on the base of the lamp
housing with the pins inside the probe shell. Gently slide the

] housing assembly into the probe shell.

The end cap should meet the probe shell evenly after final
I assembly. If not, the ion chamber may be installed wrong.
i

CAUTION

DO NOT FORCE the a s s e m b l y i n to the shell .
1 I t f i t s o n l y one w a y .
J

* I f i t does not r easseab le r e a d i l y , r e m o v e and check pin
] a l ignmen t . Check to ensure pogo contacts are not bent .

R e f a s t e n the exhaus t screw at the base of the p robe .

j Al ign the 12 pin probe connec to r to the r eadou t a s sembly
* and reconnect wi th a t w i s t i n g mot ion unt i l a click occurs.

Check to ensure the h igh vo l tage mic roswi t ch is p r o p e r l y

1 depressed . The l a m p should l igh t i f the f u n c t i o n swi tch is
t u r n e d to any posi t ion except S T A N D B Y .

5 .6 R E A D O U T D I S A S S E M B L Y / A S S E M B L Y

W A R N I N G

Turn the function switch on the control
panel to the OFF position before
disassembly. Otherwise, high voltage of
1200 V DC will be present.

Disconnect the probe cable connection. Remove recorder
jacks and cable or the plastic plug cap. Loosen the screw on
the botton of the case and, holding the instrument by the bezel,
remove the case (see Figure 5-3).

a. The control assembly consisting of the Printed Circuit
Board (PCB) and control panel can be separated from the
readout assembly by the following steps:
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SECTION 5.6, READOUT DISASSEMBLY/ASSEMBLY cent

1) Separate the Molex connectors in the cables to the
| control assembly.

2) Remove the two attachment nuts at the base of the
j assembly.

' 3) Renove the two screws at the top of the power supply
board holding it to the assembly brackets.

* 4) Compress the brackets and slide the assembly thru
the bezel. Remove a third screw at the lower

; corner of the board, if necessary.
1

b. The optional alarm assembly can be separated as follows

1) Disconnect the cable.(P6/J6 of Figure 4-5)

2) Remove the two screws holding the alarm assembly to
the battery bracket

Reassembly is accomplished by reversing the above procedure.

] NOTE: Be sure the function switch on the control panel is
j " in the OFF position before inserting the control

nodule into the case. If not, the fuse can be blown
or damage can result.
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•mo Warning j»v*i»m

MPUn 4100 SO MoniiOK Gat
MI nnd Warning System comprises
•lector (ntarm unit with digital

display)
*xtrnuw (\cttl unit)
tin (recommended Accessory)
iomg (rncornmonded accessory)

tern is specially designed to
the TIV ol HCN.

DNI
lit tho 4100 SO Monilox lor HCN has
0»ty simplified lor aasa ol operation
iser. it is nevertheless » complex
my Instrument which wdl operate
only il the** operating instructions
ilully observed nnd il the instrument
KcO regularly by the solely olltcer.

This applies in particular to the r
repiacemonl ol (he cells and daily functional
lests. The responsibility for any chnnges
made in the alarm threshold settings must
be borne entirely by the operator; COMPUR
recommonds lite strict observance ol the
TLV. Since the unit is designed lo be
intrinsically sale, all repairs must be made
by the manufacturer or other approved
personnel.

COMPUR oilers the instrument with the
following factory settings:
first alarm threshold • at TLV » 10 pom
second alarm threshold • at 2 TLV • 20 ppm

The detector cell will be destroyed il the
detector is permanently exposed to a HCN-
concentration exceeding 1000 ppm. In this
case the coll has to be replaced.

COMPUR 4100 SO fVr
Detector for HCN

1.1.
Applications

The COMPUR 4100 SO Monitox is n
personal monitor for HCN.

It Is designed lo be worn attached to the
clothing near the breathing zone ol the
person lo be protected. The detector
produces an audible first alarm when the
HCN-concentration exceeds tho TLV
(factory selling: 10 ppm) and a second
alarm, whon il exceeds 2 x TLV.

Independent ol the alarm selling, iho digital
display shows trie actual HCN-
concentralion m ppm (parts per million)
in the nominal range of 0 - 100 ppm HCN.

In conjunction with the COMPun 4102
Dosimeter, the unit can be employed to
register HCN-conccntralions at canlined
spaces ranging from 0 to 10 x TLV.

The COMPUR 4100 SO Monilox cannot be
used to measure process gas streams or in
presence of contiguous high HCN-
concentrations.

A/ntxent air diffuses through itm liiicr M»««-H
(a Just filter) (5) to the measuring ecu 11»<
measuring cell, a dual-clecucxie
electrochemical cell with an og.ui'C
electrolyte gel. generates an output currcm
proportional 10 ihe pariuil prcssum ol i ICN
in llu) air.

A series ol electronic amplifiers supply ;i
voltage signal which is led to ihe
comparator for the alarm threshold II u»c
lirsl alarm threshold is exceeded, an
intermittent tone is produced, il the sccooo
alarm threshold has been exceeded a Uu.ii
tone signal is produced by the tone
generator and loudspeaker (or earphone »•
very loud ureas). The standardised analog
signal corresponding lo the actual HCN-
concentrations (ihe TLV corrusponUs to
80 mV) can be fed to tho Dosimeter.

The snme signal is led to the AO-convenci
driving the digital display. The display is
Adiusied to give a reading ol to ppm ;tt
80 mV input.

The 4100 SO Monitox consists of two
separate power circuits (via two immature
batteries); the circuit for the analogue pnit
is separated from that lor the alarm-
generation.

When the ..on-off" switch is moved to th«>
..Ban." position. Ihe batteries will be tcst<:<:
before ihe instrument is turned on. in tnis
switch position, the batteries are
electronically tested under the high lo.id <•'
ihe (mat lone stages. K one of the battuoc-
(ails to reach the predetermined lower
theoretical limn, no alarm will be hcarri



inical Data for the COMPUR 4100 SO Monilox for HCN

1.4.

Cross-sensitivities

xmity certificate

y class

msions

iht (with batteries)

or supply

ury service lit*

•lay rungo

mvoHjme

mtovoto

ponMtime

id to Atom 20ppm
50 ppm

•ttoclion possibilities

nperature rang*

imive humidity

ro point drill

nsllrvity drift

•ivico Wool the cell

BVS 82.013

EExibllCTS

104.4x62x24 mm

appro*. ISO g

2xPX23(S.6V)

appro*. 1000 h.

0-100 ppm

min. 80 dBA/30 cm

2 alarms, adjustable

T» < 10 s
TJO < 3 min.

<15s
< 3s

earphone, dosimeter

0-50*C

10% - 95%

< 1 ppm / 6 months

< 15% / 6 months

min. 6 months (dependant on dose)

Test com- Test
poncnts concentration

SO, 5000 ppm/ 40%
NO, 10 ppm
NH, 1000 ppm
CO 1000 ppm
CO, 1000 ppm
H, 1000 ppm
CH,:CHCN 10 ppm
CHjCN 200 ppm
(CHJ N 500 ppm
CHjOH 200 ppm
COCI, 5 ppm
Cl, 10 ppm
HCI 10 ppm
H,S 2 ppm
Hydro-
carbons.
saturated 2% vol.
Hydro-
carbons.
unsaturated 1 % vol.
Aromatic
compounds
(also
alcylated) 200 ppm

Indication
ui pivn HCN

rH 10
- 6

10
—
—
—
—
—
17
—
10
5
7

10

__

__

—

2.
Technical Description of the
COMPUR 4100 SD Monitox
Gas Generator for HCN

2.1.
Applications
The HCN gas generator serves to cniiam
(he reliability ol the Monilox gas detect""*
and warning system. The Monitox detect-
must undergo a tunclion.il test by piacim;
on the generator boloro each use Ti»u
generation ol a gas concentration
exceeding the Tl_V ensures that the deu.-(
will respond reliably during use (picum:'/

The gas generator, however, is not dcsi<j< >
to generate a calibration gas ol known
concentration. Daily testing ol the Momi<
detector does not mean thai the user is n
recommended to change cell sequential)

The COMPUR 4100 Gas Generator mu*i
not be exposed to or used in explosive
atmospheres.

N.B.: The generator cell may dry out .it
very low relative humidity in ttiu .m
this case, u is necessary to put u».
moisture cap delivered with the
generator on top ol the generator
always when it is not in use.

This ensures a correct gas
concentration lor the Oetcctor ics



>de of Operation
• «> witch on it* generator is activated by
(utg the detector in the matching recess
iitorjoneratoi hood.

man Ian lewis a (low ol air past the
Mirntor colt directly to the detector co«.
ihn tame time, gas Is generated
< tropically in (he generator cell in such
.IITXXXM that the gas concentration is
.ii enough 10 cause the detoctor to
IKXXJ within 10 seconds (alarm threshold
ppm). The period of gas generation is
iicated by Ux> green LEO.

t- -.*..:
V."-!'

The red LEO indicates whc > the battery
must be replaced.

Alter a 10 seconds interval, gas production
is terminated and the (an conveys pure air
until the detector is removed.

This functional l«st ot the detector checks
any ol the following defects:

clogging of the dust tiller
a malfunctioning c H
a malfunctioning e ctronics system
a malfunctioning fi nerator.

3.

•chnical Data of the COMPUR 4100 SO Monitox
as Generator for HCN
••tensions

ngM (loci, batteries)

Miporaturo rnnge

•wor supply

•i torn tor ccfl service life

iiioiy torvico lilo

133 x 65 x 40 mm

approx. 250 g

0*C-50*C

9 volt olkali battery, leakpioof. e.g. Maliory 1604

approx. 3000 tesls or for 1 year

•pprox. 3000 tests

3.
Use of the detector
and generator

3.1.
Detector actuation and
functional test
Battery Test

Turn tho switch on the COMPUR 4100 SO
Monitox to "Bad.". II the battery has
sufficient power to operate the detector lor
eight hours, an audtblo (Intermittent) tone
will be heard. The LCD-display is switched
off at the "Ball." lest position. If no lone is
emitted, this indicates that at least one of
the batteries is exhausted. For safety
reasons both batteries slwxjld bo replaced
(refer to section 5.1.).

When the audible tone has been heard (to
preserve batteries, the test should be as
short as possible), the switch is moved to
"ON". The tone will cease. The LCD-display
Is operating now. It must show "0" ppm
after some seconds.

Functional Test (picture 2)

Place (ho detector on top of the generator
as illustrated.

As soon as the detector sounds ils alarm, it
must be removed front the generator. Tho
detector is ready lor operation one a the
alarm has ceased.

If tho detector alarm does not sound war.
ten seconds the detector has to b« ciwx>.
and serviced. If necessary, the liitoi cap i».
to be replaced (see pomt 5.2)

It is advisable to record the ti.-st and
assignment ol the gas detector in the
detoctoiog.

The battery test and functional test iru.-.i
performed prior to each use to thus COM
maximum safety.

Ounng the gas test the LCD-display mu:
show the response ol the coil 10 HCN-
concentration as well. As lh«* alarm
threshold is factoryset at tO ppm the alii
should sound at 10 ppm. As the display
reads a new value every second, the im
lor alarm and display of 10 \i\tm nuiy l>v
dilfurbnt.



3.3. f

Df the Gas Detector

s detector must be worn In lh«
•ng son* of the person to bt protected
e filter cap (S) should not be covered
way.

ibber lip on the carrying clip makes It
uio to securely attach the Monitox to
:* ol ctolhing (e.g. the breast pocket).

is not deemed adequately secure, the
> supplied with the Monitox can be
<x< tnthe holes ol the carrying clip,
enables the Monitox to be worn around
•cck.

•I) possible, it* Mier cap should be
•ciod Irom water, dust-laden air or dirt.

• <i«e tMiiory and functional tests (refer
«>i 3. t.) shot*) be performed before
Moctor is put into operation.

•N gas concentration in Ihe vicinity ol
•onsor exceeds the set alarm value, tho
ii will sound oiler a delay dependent on
ins concentration (The higher the
ontiMtOO. tho more quickly the

-1PUR 4 too SO Monilox will respond).

.iinrm sounds at a level of at least 80 dB
nuout 30 centimeters

Connecting the Earphone

When the detector is being utilised in an
area with high background noise, the
optional earphone should be used to be
sure that the alarm will not go unnoticed.
The earphone is connected to the earphone
socket (9) on the detector. This socket
disconnects the internal loudspeaker. II the
earphone is being used, it is important that
the tests also be conducted with the
earphone plugged Into the detector (refer to
point 3.1.). When the earphone is not being
used, the socket should be closed with the
plastic plug.

3.4.
Connecting the Dosimeter
The COMPUR 4102 Mini-Dosimeter can be
connected to the 4100 SO (refer to
operating instructions lor tho 4102).

The generator tost can also bo carried out
with the Dosimeter connected to the
COMPUR 4100 SO il the detector is turned
160* about its longitudinal axis relative to
the position shown in point 3.1. and then
placed on the generator in thai way. ihat the
cell tits into the recess on the generator.
The functional lest is then started by
pushing the generator button with one's
finger.

The plug should be replaced in the
Dosimeter socket whenever the Dosimeter
Is not being used.

3.5. (

Digital Display
Additional to the warning-function ol iho
COMPUR 4 tOO SO Monitox its digital
display (6) gives a direct reading of the
actual HCN concentration.

Thus it is possible to determine HCN-
concentrations below and above the TlV-
level. giving the skilled worker and industrial
hygienist the means to detect unusual
conditions of HCN-concenirations with
high accuracy and resolution.

The COMPUR 4100 SO Monitox is. however,
even with its digital display, primary a
measuring and warning device for personal
protection.

it has not been designed for measurement
in process-control: moreover exposures to
high HCN-concentrations for any length of
lime must be avoided, as (he accuracy of
the reading will suffer.

•J.W.

Detector Deactivation
and Storage
a) brief period of inactivity (up to j HUH mi,

the detector is deactivated
(switch to "OFF"!

b) Prolonged inactivity ano

It is advisable to open the Monitox ;m.i
remove both the ceil ano but tones to
provide (hem from leaking and con oU>r i«
the interior ol tho Monilox (refer to th«
sections on ceil and oaucry rcpuceoi. ••.
5.3.).
Before roulilizing the Momtox a ouw i> >
has to be installed.
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bration Instruction for the
iCtorCOMPUR4100SD
Vttox

HKJ intrinsic accuracy of ihe
lot MCN ii is necessary to calibrate

loloclor oill\ci with a HCN nitrogen
lira with (htlmite concentration of HCN
;iko an election*: adjustment by menns
>o COMPlJR current generator
MX) 023.

cessories required

t.
libratlon with gas

..aiiixatwo uip to place onto Monitox
(tow moter

miMivolimolor 0 - 2000 mV;
input resistance » 1 M (I

tubing, sot ol test cables, screw-drivor

calibration gas. known concentration,
about 10 ppin HCN in pure N2

imark: Uvj generation and above-all U*
siabiiily time of HCN calibration
gas is not without problems. So
if only a small number of
detectors are to be calibrated,
tho electronic method should be
pfolcrcd.

t 2.
iillbratlon - electronical Method
icture 6 and 7)
calibration unit (current generator)

miNivoUmalcr 0 - 2000 mV.
input resistntKe » I M (J
Ml of tost coblos. screw-driver

IT—
4.2. ,-,
Zero calibration and gain "
adjustment with calibration gas
4.2.1.
Preparation

The Monitox is opened and posilioned with
the electronic components upward on a
non-slip surf AGO. The cover with the digital
display is carefully put aside with the
display upward.

Then the unit is switched on via "Ball."
position to "ON". The LCD-display should
read 00 ppm after several seconds.

The excellent zero-point stability ol the cells
will normally make unnecessary to adjust
the zero-point. Deviations from zero are
caused mostly by fault sensor cells.

For zero-checking remove sensor cell.

4.2.2.
Zero-Adjustment

Connect MillivoUmeler to tie down point
(MP 2) and GNO (MP 1) (picture 6). If tho
reading is not zero in clean air, and also is
not zero without sensor cell, potentiometer
(R 9) (offset voltage) IMS to be varied until
the reading is zero.

Note: If reading is zero without cell and not
zoro with the cell, it may need up to
one hour to stabilize ihe cell. If a cell
has been removed (or a longer
period without short-circuiting (he
two connectors, the lime to stabilize
may be up to one day. A new cell
therefore has short-circuit on the
small pcb. that must be broken away
beloro inserting me cell.

Gain Adjustment with g?

The special calibration adaptor is lightly put
onto li«e dust Idler on top ol lite detector cell.

Adjust a cnlibrnlion-gas How through the
calibration cop; How rate should bo approx.
100 con per minute and the miei must be
the smaller pipe: to avoid pressure
variations the outlet should be tree of
Obstacles Alter 5 minutes the display ol Iho
Monitox has reached its final value.

Connect millivoltmcter to tic down point
(MP 2) and GND (MP 1) Depending on the
concentration ol the calibration gas the
following voiingc should be displayed:
(adjust by menns ol pot R 7)

U
[c] in ppm

tO ppm
xBOmV

The display ol the Monitox must sttow the
gas concentration. In the opposite, adjust
pot (R 15) until correct reading is shown.

4.2.4.
Gain-Adjustment with the current
calibrator

Each detector cell produced by COMPUR
is supplied with an indication ol the output
current at 10 ppm HCN. (Never throw away
packings of replacement cells before
having noted this indication!!!)

Remove deiecior cell Insert calibration
cable with lite plug board into plug
connector lor detector cell. Tho gold
contacts nuist touch (he spring contacts.
Connect other side ol tho cable to tho
current generator.

Make sure of correct polarity of plugs.
Switch on generator, turn button till
generator display shows output current ol
detector cell.

Remark: Display always k'tows actual
value of Current II it is /uiu.
check live contact!.1

Connect voltmeter to lie down point (MP
and GNO. Adjust sensibility tiy mc.mi ol
pol (R 7) until BO mV is displayed Mumii.
must now display 10 ppm In opposite,
aditist pot (R 15)

4.3.

Selling ihe Alarm thresholds

The alarms ol the standard version arc to t
set on to ppm {first alarm ) T LV) and 201 >i •
(second alarm 2 x TLV).

To set the alarm levels, push ihe 2 imr.i-
switches (S1) to the right Tin; display ol n
Munitox shows now the level ol !'»<-• 1st
alarm threshold. This can be adjusted u>
means of the potentiometer (Ft 30)

To adjust the 2nd alarm level, push tho
upper switch to the Iclt. The display sl><>.
now the 2nd alarm threshold This can l>-
adjusted by means ol the |Kjicniiom,:i..-i
(R 29).

Alter having adjusted the alaim levels. i>«
both mini switches to the led The Mornt
display shows now the actual conccntm
ol HCN.

4.4.

Concluding ihe adjustment
operations
Alter the settings have been made, turn
swuch on the pcb to "OFF"-oosmon M
sure that the switch-handle on me cov»
also in the "OFF"-position Then caiclu
replace the cover and (old me connucii
en bio between pcb and iii;.i>i;iy so Ui.ii
neither squeezed m nix Cf.icKccI Txjiiti
the screws. The Moniiox is now r
operation.



aintenance and Servicing
structions

.1.
atiery Replacement
Turn switch (7) 10 "OFF".

Remove three screws (12).

Turn detector over and remove front
cover.
Attention: Do not attempt to remove the
cable boiwoon Ironi panel and pbcl

Lift out bailery housing, disconnect plug.

' Unacrew and remove battery lids.
Replace batteries with •pole towards lid.
Repinco Ms.

• Pfcuj-m buttery plug. Ensure coble and
coWo socket m right position.
Replaco bnuory housing and front cover,
CArvluUy arljusl the cable of (ho Ironi
(uuxrt. so thnt it is not damaged by fixing
tho front panel; then tighten the screws.

> Ropoai battery test.

• .2.

''liter Cap Replacement
i Remove screws (7) (picture 4) and open

detector.

,'. Carefully remove sensor cell together
with filter cap (5). Pull cap oil cell (4).

J Attach new filter cap (with identical gas
label HCN) and return sensor cell to
original position.
Filter cap order number appears on plale
attached to inside of front panel and is
kited in aociion 6.

i noplace front cover and tighten screws
> Repeat performance test.

5.3.

Sensor Cell Replacement

1. Open detector (see 5.1.).

2. Remove cell together wiih filler cap.

3. Remove new cell and filter cap Irom
storage container, pull transparent cap
off the cell and replace this by the new
liner cap. Correct position of filter cap is
shown in illustration.
Remove short-circuit protection
attached to pcb by breaking it away.

4. Proceed current calibration (4 2.4.).
5. Replace sensor cell with tiller cap in

proper position.

6. Close Monitox.

5.4.

Generator Cell Replacement
(picture 5)

1. Open housing
(as when replacing bailery)

2. Unsolder fan leads (10).
3. Loosen lour screws (>1) nncJ three

screws (12).
4. Remove outlet, gas ceil and fan through

the Irani.
5. Carefully insert replacement unit

U 5820 300 consisting of outlet, cell and
Ian and tighten screws (12).

6. Tighten screws (11). Align circuit board
so that pin (13) reliably actuates switch
(14) when gas detector attached.

7. Resoider Ian leads 00).
8. Reassemble generator and lighten

screws.
9. Testing: Use properly functioning gas

detector for same gas. Switch 10 "ON",
attach. Alarm musl sound after about
eight seconds.

:to

5.5. I
Generator Battery Replacement

Loosen lour screws on rear housing panel.
Carefully remove front cover. For correct
positioning of battery, refer to illustration 5.

5.6.
Troubleshooting
Malfunction Remedy

Battery tcsl:
no response

Generator lest:
no response

Generator docs not
supply enough gas

Red LEO lights up
during test

Replace batteries
(5.V)

a) Repeal test using
2nd detector, if
no response, b)

b) Replace liiter cap
(5.2.). if not
Oirty. c)

c) insert new sensor
cell (5 3)

Use moisturizing
cap for several days,
otherwise replace
generator cell (5 <l).

Replaco generator
batteries (5.5.).

6.
Accessories and consumabl

Part Numbers

i. Gas detector digital
display. 2 alarm
thresholds wtvr\
Dosimeter output U 5306

2 HCN ceil with liiter cap U 5800

-""3. HCN liiter cap (10 DCS ) U 5810

4. Battery PX 23 Ope) U 4990-

-s^. HCN gas generator U 5390

-'&. HCN generator cell U 5820

7 Calibration gas adapter u 5900

B. Measuring cable:
calibration U 5900

9. Digital Voltmeter U 5900

10 Current calibrator U 5900

11. Calibration cable used
in connection with
current calibrator U 5'JOO

12 Dclectolog U 5<JOO

13 Earphone U 5900
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A. tot Uriel

1. Cheek battery voltage periodically by pressing
•ATTenY CHECK switch. Recharge before voltage
roaches minimum.

When connecting charger, always follow these stepsi

at Confirm that the plug Is Inserted In the correct
way. with the THIS HOC UP label upwards. The
socket is polarlied, with the pins offset below
the centerllne, but can sometimes be forced on
the wrong way, particularly If It has become
worn with use.

bl Verify that a charge is actually entering bat-
tery. To do this, turn Instrument on and check
meter reading while BATTERY CHECK button • is
pressed. Observe reading while charger Is plug-
ged and unplugged at wall socket. If reading
increases when charger Is connected, and de-
creases when unplugged, battery Is receiving a
charge. If no change Is observed, then probably
charger or power circuit Is at fault. If char-
ger Is defective, return It for repair or re-
placement.

After verifying that Instrument Is accepting a
charge, turn Instrument switch off. Do not
attempt to charge while Instrument is turned on.

2. If sufficient voltage cannot be
charging, open Instrument andi

obtained after

a) Check voltage output with a voltmeter, between
red and black wires (unplug connector to gain
access to plnat. Voltage should be about I.)
volts.

bt

cl

If voltage is acceptable, but volt check reading
is too low, meter or switch could be at fault.
If voltage Is too low, battery Is «t fault.

If no output voltage can be obtained, check fuse
by unscrewing recessed cap. marked TOSf, and
removing fuse. It can be checked visually or
with an ohmmeter. If burned out, replace with a
new one, but be sure to attempt to Identify the
cause of the overload or short circuit. Fuse
must be type 1AC-U.

If battery voltage is too low, and cannot be
brought up by overnight charging, it probably
needs replacement. To remove, take out the two
•crewa holding It to bottom of case, «nd unplug
black and orange wire connector at charging end.

-20-

Check th« voltaft Ot MCtl inalvlova* Cell -.-h •
vol l«r. •.•AOV* two lerivi en tht top of the peek
witi. *' I/I* Alltn wrench. The lid Is spring loaded
and My be held down by hand to •••• the screw re-
moval. Carefully remove the lid and the Individual
cells.

a) The cells supplied are the Sto.-k Ho. «»-1101 re-
• chargeable D-eiie nickel-cadmium type, ).i-4.0

AH, and when charged, measure about 1.3S volts.
Discard and replace faulty cells.

bt Examine the battery cavity and carefully clean
out all foreign substances. De-Insert the cells
into the pack In accordance with the diagram on
the lid. (Neoatlve end to springs, button end
to rivets.) Leave the proper space open for the
fuse cartridge.

c) Flace the lid onto the cells, press down firmly
and Insert screws. The convoluted case will
assure cell alignment. Tighten the screws snug-
ly, do not over torque. It may be necessary to
spring sides of Instrument case apart slightly
to clear battery lid.

d) Join all loose connectors, re-assemble Instru-
ment and charge battery as required.

el If normal operation from disposable batteries is
desired, use the Stock No. 4S-I01J battery pack
Instead of the 49-IOS1 pack. This assembly has
a quick change feature, a retainer strap which
can be pushed aside with thumb pressure to re-
lease the lid and give access to the cells.
Ouracell* type disposable batteries are
recommended for a proper fit.

This battery pack has no charger connection, so
there is no danger of Inadvertent charging of
disposable cells. It can be used with
rechargeable cells, but they must be charged
separately.

•Durtcell is a trade name for Duracell Inc..
•ethel. CT 0(101.

C -11 -



n«t*r cannot b* s*t to i*ro within rang/ ( |CM>
pet*ntiosk*t*r. (Including COARSE It HO)1

O
b) «*t*r cannot b* »*l to desired level

rang* of SPAN Adjust. *lth*r rang*.

1. To replace d*tectori

a) Open instrument case.

b) Unscrew th* red. green and whit* wires at ter-
minals on stain circuit board, noting color
cod 1ng.

e) Unscrew knurled retaining cap at reaction cham-
ber.

d) »ull out original detector and Install new one.
being sure that 0-ring is in place, under flange
of detector.

Connect wire* to tereilnali, turn power on,
*d]u*t COAMSC XCMO a* in Sect. V.A.).

and

C. Oxygen Detector

1. Oxygen sensor assembly may require repair Ifi

a) Heter cannot b* set to desired level within
range of OXY CAL Adjust.

b) Meter cannot be set to tero within range of ICMO
potentiometer.

). If oxygen sensor assembly requires repair, it should
b* aent to factory for reactivation. Alternatively,
a complete new detector can be ordered, on an ex-
change basis.

Oxygen cell Is an electrochemical device similar to
a battery, which gradually depletes Itself, regard-
less of usage of th* cell. It requires periodic re-
activation, consisting of replacement of the elec-
trolyte and the membrane, plus cleaning /id Inspec-
tion of the electrodes. This 1* most e >nomicalJy
don* at th* factory.

Hew and reactivated oxygen cells carry a factory
guarantee oased on length of time from date of
original shipment, and are date-coded. Cells re-
turned for reactivation are inspected and ln-
warranty cells are tested for operablllty. Any that
fail prematurely receive a warranty allowance.

To replace oxygen tensori

a) Open Instrument esse. Locate oxygen cell.

b) Swing retainer clamp clockwise and r nova It to
release cell.

C) Tilt cell upward and pull It out of case. Un-
plug cell wire at socket.

d) Reinstall new or newly reactivated cell In asm*
position. Before Installing, remove protective
seal from face of cell, and shake out any drops
of weter that may be found under seal.

REACTION CHAMBER SENSOR

OUTLET

LEADS

RETAINING CAP

FIGURE 12. COMBUSTIBLES DETECTOR

RETAINER CLAMP

CONNECTOR

SENSOR'CELL

OXYGEN CHAMBER

FIGURE 13. OXYGEN DETECTOR

-21-
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o. Hatar

If •* tar It deBaacd. It can b* r*e>ov*d for r«p«ii. /;:*
rtplactMHt. •• followsi

1. with uppar half of liutrwiwnt rt*«vi4 fro» lower
half and ln»»rled, looi«n internal lock nut* fro*
Win and BATTtKY CHECK switch bushlnai nd rr*/LEL
I MO poter.*io»*tar buehina.

I. liamove ««ternal lock nut fro* MM/LEt XtP.0 pot«ntlo-
Mt«r. (Flr t t r«»ov« knob, if on* It *)••<!.)

1. IKvova «*t«rn«l f»c« nut* fro* twitch bushlnqt.

4. K«*ev« thr«« *cr««t holding circuit board Into
c**«.

1. K«*ov« two nuti fro* «*t«r ctuds.
*

«. Full circuit board out of cat* •» f«r 4* connect 1«9
wir«« ovrnit.

7. Lift out Mt«r.

I. •uit«r

If bussvr falls, it can b* r«*ov«d by f l r t t taking out
circuit board <St«p« 0.1-D.O and un»old«rlnf r«d and
black vlraa at board. Than raaova ratalnlnq acrawi and
nuta.

Motai tofor* raaoval. tint var l fy that bunar Is ac-
tually d«f«etlv«. Connaet to a ( volt battery (Bad +,
•lack -). A 90od butter will olv« a staady tona.

r. Circuit loard

Main circuit board can ba raaovad by »t«ps D.l-0.(. plus
C. B>lu* disconnection of pu«p and datactor wlra* at tor-
•inala. This allows tha board to ba pullad out of the
caa« and put aalda for accas* to tha oiyqan circuit
board. Howavar, it will ra«aln connected to tha oxyqen
board until tha Interconnecting wires ara unsoldered.

Preferably, both boards will ba removed as a unit, and
returned to factory for repairs. To complete reaoval,
looaon Internal lock nuts, reetove axternal lock nuts
froa reaialnlnq controls, and take off the hex plastic
•pacers which hold oxyoen board In place.

C. filter

The fi l ter element in inlet f l t t ino is pressed in but
can ba pushed out and replaced. Whan necessary, tha

fitting can ba replaced.

FIGURE 14. METER. BUZZER AND CIRCUIT BOARD
REMOVAL / REPLACEMENT
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•'wo .«*.. li . ..John,- -ype. ...••*. I, . be" .. • DC
•otor. it theuld have Ion* lift. »everel y« 1<> r-
M! operation, but It ««y loee efficiency it diY. la
drawn in and collect* under th« *•!««•. Verify pr«P«r

e»«r*tl»n p«rledle«Uy by taking • M«pl« end ob-
tlM for Initial fl«» r«§pon§« to occur. Thi»

•hould b« vlthln S ctcendi for • 10* ho»«. It nay *l»o
b« eh«ck«d with th« (lo«nMt«r provided •• a calibration
acccaaory. Plov ahould b* 1.0 cfh or o;r*at«r.

If pua« n««d* i«rvlcinq, It can ba r«*ov«d by taking out
th« claap rttalnlnq acraw vhleh «xt«nda throu9h caaa
botto*. »upp can b« raturntd (or repair on an exchange
baaia or it can be diiaaaewbled and cleaned. Heplace-
a«nt puae head aaaeabliea and diaphraqaia are available. ClAMP BATTERY

COWER MAUP

PUMP BODY —> MOTORPUMP HEAD
ASSEMBLY

DIAPHRAGM

FIGURE 15. PUMP ASSEMBLY FOR MODEL 1314

-17-



ftefsrrlng to block dlagrsmi

N

A. lattery pack, rechargeable, nickel-cadmium, giving I
hour* of operation.

B. On-off switch, push on/push off.

C. Voltage regulator, input 1.0 - 10 volts, output (.0
volts £ .0).

0. Combustibles detector. with active (catalytic) and
reference (non-catalytic) elements, forming half of
Wheatstone bridge measuring circuit. TWO fixed re-
sistors complete bridge.

C. tero Adjust, a potentiometer In the fixed side of the
bridge used to bring the bridge to balance in the
absence of gee. Two potentiometers are used, a coarse
and fine adjuetment.

P. Amplifier. Signal differential, to increase output of
bridge to a suitable level for Indication and alarm ac-
tuation.

Ft. Mange switch, alternate-action pushbutton, to select LCI
or PPH ranges by change of amplifier aaIn.pllfler gain.

*"; -ij»- f., «•-*•' r Mno ** t cn_
known sample. Tv« »^JuSt..^. Cl . _ 52,
LCL range sspectlvely.

/
H. Alan* switching circuit, to turn on eooftustlblss alar*

signal when amplifier output reaches a predetermined
point.

I. Alarm threshold adjustment, to set the point st which
combustibles alarm is actuated. (One each for LCL and
PPN ranges)

J. Meter, reads output of amplifier. In units of percent
exploslblllty. In PPM, or In percent oxygen depending
upon range.

K. Malfunction alarm switching circuit, turns on alarm due
to amplifier output below sero.

L. Batt. Test switch, to connect meter as a voltmeter Mo-
mentarily, to check battery voltage.

M. Busser, a solid-state electronic sounder which delivers
a continuous tone when energised.

N. Multl-Vlbrator. an oscillating circuit to give a pul-
sating signal to buster, as an Identification of alarm
condition.

0. Voltage-sensing, circuit, to detect low battery voltage
and actuate alarm signal.

P. Logic circuit, to accept signals of various types and
direct them to butter circuit.

0. Pump, vibratory diaphragm type, to draw sample contin-
uously through sample system and over detector.

P.. Oxygen Sensor, which supplies a signal voltage propor-
tional to oxygen concentration.

S. Amplifier, oxygen, to Increase output of sensor to a
suitable level for Indication and alarm actuation.

T. Xero. oxygen, a potentiometer used to balance output of
amplifier to tero In the absence of oxygen.

U. Span, oxygen, a potentiometer uaed to set gain of ampli-
f ier to give desired sensi t iv i ty on • known calldraclno
sample.

V. Alarm switching circuit to turn on oxygen alarm signal
when amplifier output drops or rises to a preset point.

w. Alarm Threshold adjustment, to set the point at which
oxygen alarm co«es on. (One each for falling and rising
alarm.)

X. P.»nge switch, to select range for readout of meter.
either oxygen or combustibles.

T. Alarm light, oxygen, which blinks on and off whenever
system Is in oxygen alarm condition.

Alarm light, LCL, which blinks on and off whenever sys-
tem Is In combustibles alarm condition.

C



A tec

when aampltng spaces such •• hot tanks that a* w .-..••r
then the Instrument, remember that cementation C«A -—
cur at the (ample peeaea through the cooler sample, line.
water vapor condensed In thlt way can block the flame
arrettor and Interfere with pwaip operation.

It heated hydrocarbon vapori of th« heavier hydrocarbone
( f lean point »OT or above) are preaent, they may alao
eondenae In the sample line and (all to reach the flle-
•ent. Thua an erroneous low reading »ay be obtained.

a. Mlament PoleonIng

Certain aubatancee have the property of deaenaitItlng
the catalytic surface of the platinum filament. These
aubstances are termed 'catalyst poisons* and can result
In reduced sensitivity or In (allure to give a reading
on samples containing combustible gas. The stoat common-
ly encountered catalyat poisons are the silicons vapors,
and samples containing such vapors even in small propor-
tions should te avoided.

Occasional calibration checks on known gas samples are
desirable, especially If the possibility exists of expo-
sure to slllcones. where persistent poisoning action
occurs, special sllIcoite-reelstant elements are availa-
ble.

C. Other Caaaa and Vapors

The Instrument is designed and calibrated specifically
(or the gas specified in the original order. It can be
recalibrated and used on other gases and vapors, by
proper use of the calibration control while sampling a
known gas-air mixture.

D. Mich Mixtures

When sampling rich mixtures, on the 1001 LCL range,
following Inatrument action may be expected!

the

1. mixtures up to lOOt L.C.L. - Reading on scale

>. mixtures between L.t.L. end Upper Explosive Limit
(U.C.L) - Readings at top of meter

). mixtures above U.C.L. - As sampling continues, the
meter (Irst goes to top of
scale, then comes back down
on scale. v«ry rich mix-
tures will giv« close to a
•ero reading.

C. Oxygen Deficient Mixtures

Samples which do not have the normal proportion of oxy-
gen may tend to read low, as there Is not enough oxygen
to react with all combustible gas preaent In the sample.
As a general rule, samples containing 10% oxygen or more
have enough oxygen to give a full reading on any com-
bustible gaa sample up to the L.t.L.

-JO-

X

. . ...j»ebl- ..juldZ , .-sol —. kerc,-.- or ,-. ; SO- ...»
are/ en %*d In starting Intentional (irea. Investl*
gatt of )ch (Ires can be greatly aided it the pre-
sence and location Of aueh liquids can be determined at
the alte, aa soon aa possible attar the fire la extin-
guished. The Hydrocarbon Surveyor can be of great as-
sistance In making this determination.

In testing for residual flammable liquids, look (or
places where the llauld could hav« been trapped and
whera ft might remain even after the (Ire. Naturally.
If the entire structure has been consumed there Is

•little likelihood of any liquid or vapors remaining,
versely, the earlier the (Ire has been extinguished,
greater the chance of finding significant amounts of

• liquid remaining.

"Inf checking (or residual volatile liquids, set the in-
strument up In accordance with the preceding Instruc-
tions, allowing It to run for at leaat S mlnutea. In the
UC.I(.range. Then turn to ppm range and balance sero
carefully Immediately before taking the test.

1 *\
Mold end of hose or probe at point where vapors may be
present, and watch meter carefully (or any sign of a
deflection. Check at Joints or cracks betw««n boards,
for example under baseboarda or plates In contact with
flooring. Pry boards up to (orm a small crack where
hose or probe may be Inserted. Check also under
unburned portions of rug or upholstery, or any point
where liquid might logically have soaked In and
remained.

If a poaltlve Indication Is obtained, trace It to the
point of maximum reading. This Is the point where
samples should be taken for further lab analysis.

-Jl-



ix.
r-r-r-r
urr

04-iOll

01-4010

OT-Mll

07-1014

07-4115

07-4114

17-04)4

11-1014

10-00 1«

10-0140

10-4141

41-4140

45-1051

45-1051

49-1101

49-1501

49-1571

49-2011

49-1014

49-1051

50-1229

53-1005

« I -01 10

45-0401

4S-0401C

71-0111

•0-0150

•0-0204

D««crlot ton

Note. Polyurtlhant. Inlet, S'

0-Ring $••!. note (probe

0-Rtng S«*l. hot*

0-Rlng Seal, Inltt

0-Rlng Seal, coobvii tibiae detector

0-Rtng Seal, oxygen cell cavity

Inlet fitting w/ftlter

filter dlek only. Inlet fitting

Puaip. rotary DC

Pump heed, replacement

Pump velvet, replacement.

batt«ry, 1AC 1A

of 2

latttry
*bl« c»U,

t«tt«ry

r«pl«e«*»l«. t«ehirg«-

r«pl»e«*bl«,
b*tt«rl«*

••tt«ry. «lk«tln* til* D dlipotabl*
( tor u»« tn 4)-IO)2)

••ttcry. MK»d, rich«rg««bl«
( (or «•• In 4i-IOSi)

•«tttry F»e», tnctptulattd with
Nl-C«d b»tt«rl«»

•«tt«ry Ch«rg«r,
b«tt«rl«*

voltt. (or Hi-Cad

•att*ry Ch«rg«r. 2)0 volt*, (or Hl-C*d
b*it«rl«i

•»it«ry P««k, r«pl«e*«bl«, r*ch«rg«-
4bl« c«U. with b«tt*ri*>

$c«I»n*t«r,

Butter

0«t«ctor At»'y, wtrtd for Surveyor

Oaygen cell, new

O*ygen cell, reactivated (e«eh«nge)

t net ruction n«nu*l. Model 1114/121I

10* rrobe

Holtture Trip

to V»clo»e
Mep«n«e o( He* C«»Te<hter
(••f«r«n«*d to «e«»ne of Toluene I

OS

Benten*

But id i %ne
Chloroform
Carbon nono*lde
Ethyl Acct»te

Ethyl Alcohol
ronneldehyde***

Heptane
Hex*ne

Hydrogen Sulflde
Methyl Chlorotom

Hethyl ethyl Keton
Nethylen* Chloride
Methane
Pencane
PerchlorOethylene

_n-ProDvl Acetate
n-Propyl Alcohol

Styrene
Toluene
TrlcMoroethylene

LCI Scale
LtL
In \»

7. IS

1.0

l.J

2.0_

12.)
2.0

1.1

1.0

1.0

1.1

4.0_

1.1

1.1

i.O

1.}_

1.7

2.1

1.1

1.2

12.}

lonvertlon fectot
Nexane

0.45
.

0.17

o.ei
.

O.(0

0.11

o.to
l.*4

1.01

1.00

l.M
..

0.14

2.11

0.4}

0.11
.

0.77

0.10

1.24

1.01

0.5«

Toluene

0.41
.

0.14

O.tl
.

O.M

0.7»

0.51

l.»

1.00
0.»7

l.«
.

O.tl

2.7

0.41

0.49_

0.75

0.7t

1.2

1.00
O.S7

TLV
« PP*"

1000

1
10

1000

so
so
400

1000

1
SCO

soo
20

ISO

100

soo_

1000

100

200

200

100

200
2S

;onv«rtlon Factor)
Heiane

l.SJ

1.11
1.11
2.0

1.0
4.4

1.41

2.0

7.4

0.91

1. 00

S.O
1.7

1.1

4.4

2.4

l.tl

4.S

1.14

1.S2

1.11

1.19

4.4

Tolu«n«j

l.»
1.1
0.91

1.7

4.7

1.7

1.1S

1.47

4.3

0.12

0.(4

4.2

1.1

1.09

1.7

2.0

1.S2

1.1
1.14

1.2*

1.1

1.00
1.7

note, that reeponae varlee fro*
relative reaponee of a aenaor can change
uaed for eetlnatlon purpoee» only.

one
ith

••neor to another and t
•ge, eo> theee data •hovltf

A a iXimlng an tnttrunent calibrated directly for heiane or toluene, t
uaed to obeerve a different ga*. the equivalent reiponte in 1LCL (or pf
for that gae 1* cecured by aiultlplytng the observed »t£L (or pp») reedi
by tt\» ttC (or ppn) »c»l» con«et»Von factor.

• Values froai national fire Protection Axoclatlon, MPPA 12SH. 19
except (or vethylene chloride and n-propyl alcohol for which 1949 m
12SM value* were used.

•• Value* from federal Register 40.11072, Hay 21, 197S and current aa
November 1979, except for tr Ichloroethylene where a CAL/OSHA Hove*
19*0 value I* listed.

'•• Nethanol free.

c -13-



BUZZCft BACKPLAT6(14-0416)

BUZZER(S2-100S)

OXYGEN BOARD
(57-6063)

METERCSO-1229)

MAIN BOARCK37-8052)

FIGURE 16. PARTS LOCATION-TOP HALF

$TRAPr RET,' -«INO $1
\ (U1 03 )

^f^^ > OXYGEN CELt
^"^ X (65-0601)

FUSE
(43-4140)

PUMP
(30-0016)

STANDOFF
(14-0633)

0-RINO
(07-6210)

•OXYGEN
CHAMBER \
(35-0703) \

/ BATTERY PACK'
/ (40-1571)

BOTTOM CASE
(21-0078)

COMBUSTIBLES SENSOR
(61-0170. 07~01 15 O-RINO
INCLUDED)

REACTION CHAMBER
(35-0701)

O-RINO
(07-4014)

HOSE FITTING
(17-0434)

FIGURE 17. PARTS LOCATION-LOWER HALF
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* nv*r>At calibration kit is available for accurate
o ,lt< ;just*ent. without the use of special tool* or
fixtures/ The •1-0121 Calibration Kit !• deslened •«-
pressly for use with th« models 1)14 end 1211. and con-
sists of the

20-0110 Padded carrying cat*
11-1124 Calibration flttlne
31-000* Plowmeter
33-3021 Humidifier
(1-1001 Calibration aas dlspensinq valve
11-0007 Calibration qas cylinder 40* LIL hexane
11-00)1 Calibration qas cylinder 400 ppm toluene
Of-1002 Vinyl plastic tublnq

to check and adjust calibration on a known eaa aanple,
assemble the various calibration kit Items In accordance
with GaaTech Drawlnq 2127-A14, but do not attach the
calibration *y»ten to the Inatruaient or qai cylinder un-
til the corresponding *tep* are completed i

1. Turn Instrument on and allow It to war* up and ata-
blllie, preferably for 5 Btnutei. •• ture batteries
are charged sufficiently to reed above the check
aiark.

2. Add water to hualdifler. thoroughly ajolstenlno the
9lase wool, and shake out eny excess liquid.

3. Open Instrument ease by loosenlnq captive screw at
front. Lift upper half of case sllfhtly. "ove X/(*
to rear to dlsenjaqa rear clampt then separate the
two halves. Locate COMSB ZERO potent ioeteter on
underside of circuit board (marked "It*O").

4. Turn external lero control to center of Its span.
Then turn COARSE ZERO potent loeteter to briny meter
to tero read in?.

J. To calibrate In PPM ranqe. press the LCL-PPM switch
to the pp» ranoe. Attach the flowveter and the hu»l-
difler to the Instrument. Readjust lero as necessary
with the external tero adjustment. Mote flow reading
on flowMter.

(. Connect PPH-ranqe cylinder to humidifier Inlet and
slowly open the calibration valve until the same flow
Is indicated on the flowmeter as observed previously.
Match meter and note hlahest readlnc. If It Is not
the same ae indicated on the calibration cylinder,
turn PPM SPAN potentiometer to alve desired readln«.

7. for LEt, calibration, follow steps 1 throuoh J with
ranqe switch In LEI position, and use tZL SPAM poten-
tiometer. However, humidifier Is not necessary and
•ay be omitted.

I. If lero cannot be adjusted, or if reading cannot be
set hlqh enouqh, replace detector.

9. Disassemble and store the calibration kit.



V. MAT. HO A.. ...'HCK1

knew* «•• sampf

Calibration

T» chock and adjust calibration on •

1. Tttrn Instrument on aM allow it to war*, up and sta»
bills*, preferably for S minutes, to sure batter lea
aro charqed sufficiently to read above tha chock
•ark.

J. Opan Instrument case by loosening C4ptlv tcr«w at
front. Lif t upp«r half of case slightly. MOV* 1/4*
to ra«r tt dlienqaqe raar claiapi than separate tha
two halves. Locate COARSE I MO potentiometer on un-
daraido of circuit board (Barked •mo*).

). Turn external PPH/UL tO»0 control to center of Its
•pan. Than turn COAMt TWO potentiometer to bring
••tar to i«ro readlnq.

4. To calibrate tha LCL range. Inaart sample Inlet tuba
Into a veaeel or other source of known ?allbratlnq
qaa. Watch mater and note, highest raad iq. If It
I* Incorrect, turn LEL SPAW potantlonai c to ?lva
d««lrad raad Inf.

J. For MM calibration, follow tana procedure with
ranqa twitch In FPM petition, and uaa tm SPAN po-
tantloaatar. Bafora nakln^ thla ad)uatnant. allow
•y*ta« to war* up and ttablllta thoroughly, and laro
caraful ly In tha PPM ranqa.

MOT1

la tha taniltlva ppa raof* It !• Important that tha
hiMldlty of tha saaela b« tha «a»a aa that of tha
air «iad for taro ad)aat*«at. If thay ara dlf-
f«r*at. a alynlflcaat offaat la laro raadlnq aay ba
eb<«r**d. To oTarco*a thla, a huldlflar nay ba
aa«d for both tare aad calibration taata, proTldloq
tha callkratlaf «aa la ona that will not ba abiorbad
la vatar. Tha CaaTach Calibration Kit la luppllad
caaplata with hualdlflar aad accaaaorlaa for thla
affact. Saa Appaadlx A.

t. If laro cannot ba adjuitad. or If raadlnq cannot ba
• at hlqh anouqh, raplaca datactor.

i. Coibuitlblai Alar* Thraahold

Tha raadlna at which tha alara ll aetuatad In aach ranaa
can ba «at by uaa of tha corra*pondlna ALAKN Thrachold
potantloaiatar .

To Sat i *

1. with Inctruawnt In ranqa to ba aat, turn PPM/UCL
IEW adjuat to brine natar to dailrtd alar* iatttn,.
It «ay ba nocaaaary to u«a tha COAKSe lino to raach
thia point. In LCL rinqa.

J. Turn corraapondlnq <UL or PPM> AIAXM Thraahold po-
tantloBatar to tha point whara alar* }uit oparataa.
Clockwlaa rotation will lowar alarn aattlnq. V a r l f y
aattlnq by turnlnq PPN/ui it*Q control to brlnq
••tar indication Into and out of alarm tona.

>. Whan tha coabu.tlbl** Alar* Thraahold hai baan
•atiifactorily g.t, raadju»t tha tare potantloMtara
to aatablUh a taro natar raadlnq •• in A. J abova.

OXT»PPN/LCl awltch on OUT (In) poaitlon.
adjust sat ^ a known oiygan-fraa iaapla

TO Chack and

1. wnila lnstru»ant easa U opan, I d a n t l f y »t«0 potan-
tlo*atar, which U locatad on oiygan (uppar) circuit
board and which can ba raachad through tha raar*oat
of tha two claaranca hola* In tha *aln c i rcu i t
board.

J. Al low Instrument to sa*pla a known oiygan-traa
sa*pla, such as nitrogen, argon, or hallu*.

J. watch *«t*r ca ra fu l l y . If reading dots not go a«-
•ctly to taro, adjuat ll by tu rn ing It»O potentlo-
•et«r. Count«rclockwlaa rotat ion w i l l dacraaaa
reading.

4. If tero ad)uat*ent cannot ba *ada , hava oxygen call
reactivated.

J. A f t e r tero ad)ust*ant hat been completed, re turn
hot* Inlet to nor*al atnospharlc a i r . Readjus t OXT
CAL control as necessary to br ing *atar reading to
21.

(. If reading cannot ba sat high enough, hava oiygan
call reactivated.

0. Oiygan Alar* Threshold

Tha reading at which tha oxygen alar* Is actuated can ba
sat by use of the ALAKM Threshold potent loaater.

To Sett

1. Turn OXT CAL to bring natar to da*lr«d alar* t«t-
t Ing.

2. Locate oiygen alar* thraahold potent iovatar. on
oxygen circuit board, which is accessible through
tha hole adjacent to the LCL Alar* adjustment.

). Turn ALARM Threahold potentiometer to the point
where alar* Just operates. Clockwlta rotation will
rait* alar* setting. Verify setting by turning OXY
CAL control to bring nater Into and out of alar*
tone . V

4. When the oxygen Alar* Threshold hat been satisfacto-
rily set, readjust tha OXT CAL potentiometer to
bring the meter reading to 21* (O2 CAL).

C. Oxygen High Alar* (2S1)

This alar* point la factory sat and generally need not
b* changed. It can ba readjusted to tome other level,
by trial, but thla can only be done when the main board
la looaenad and pulled aa Ida <••• Sact Ion VI. 0. tt*pa
1-t). Tha high alarm potentiometer la the one closest
to the rear, without an access hole.
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RADIATION ALERT'"

MONITOR 4

MONITOR 4 is a miniaturited Geiger Counter with
added features it is an accurate scientific
instrument that can serve as a useful tool lor
research, education and personal protection in
laboratories, hospitals, schools and homes.

For maximum user protection. MONITOR 4 is
sensitive to a broad spectrum of ionizing radiation
including alpha, beta, gamma and x-rays

New electronic techniques, developed by Solar
Electronics, have made this instrument very
affordable, while providing features that are not
found in other Geiger Counter] costing two to
three times its price. One 9 volt battery will power
the instrument for up to one year '

To obtain maximum benefit from the use ol this
instrument please read this manual thoroughly

'Based on using the instrument 8 hours per day. 5
days per week tor one year at normal background
radiation levels, with an alkaline type battery.



'.. "1

The liability ol the company arising out of the
supplying ol this instrument, or its use. whether on
warranties or olhcrwisc. shall not in any case
exceed the cost o( correcting defects in the
instrument, and alter (he said 90-day period, nil
Mich liability shnll terminate. Any implied warranty
is limited lo the duration ol this written warranty.

PROCEDURE FOR OBTAINING PERFORMANCE
OF WARRANTY: In the event that the product does
not conform to this warranty, the product should
be mailed prepaid or delivered lo the Warrantor at
address above Please include proof of purchase
and a written explanation of the problem.

Before using this instrument, the user must
determine the suitability of the product to his or her
intended use The user assumes all risk and liability
connected with such use.
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ROENTGEN: The basic unit of measurement ol the
ionization produced in air by gamma or x radiation.
One Roentgen (abbreviated R) is the exposure to
gamma or x radiation lhai will produce one
electrostatic unit ol charge in one cubic centimeter
Ol dry air. 1.000 mR = 1 R. This unit is not delined
tor alpha and beta radiation.

RADIOISOTOPE: A naturally occurring or artilicial-
ly produced radioactive lorm ol an clement.

X-RAYS: Electromagnetic radiation (Photons) ol
higher frequency and energy than visible and
ultraviolet light, usually produced by bombarding a
metallic target with high speed electrons in a
vacuum. X-rays reler to photons emitted by
interactions involving orbital electrons rather than
atomic nuclei, as with gamma rays. X-rays and
gamma rays have the same basic characteristics.
The only difference between thorn is their source ol
origin.

WARRANTY

WARRANTOR: Solar Electronics International.
Instrumentation Division. 156 Drakes Lane.
Summertown. Tennessee 38483, USA.

ELEMENTS OF WARRANTY: Solar Electronics
International warrants, lor (he duration ol this
warranty, its product to be Iree Irom defects in
materials and craftsmanship with only the limita-
tions or exclusions set out below.

WARRANTY DURATION: This warranty shall
terminate and be ol no further effect 90 days after
the original date ol purchase ol the product or ai
Ihe time the product is: a) damaged or not
maintained as reasonable and necessary, b) modi-
fied, c) repaired by someone other than the
Warrantor tor a defect or mallunclion covered by
this Warranly, or d) used in a manner or purpose
for which the product was not intended or contrary
to Solar Electronics' written instructions Warranty
does not apply to any product subjected lo
corrosive elements, misuse, abuse, or neglect.

STATEMENT OF REMEDY: In the event that the
product does not conform to this warranty at any
time while this warranty is elleciive. Warrantor will
repair the delect and return the instrument to you
prepaid, without charge tor parts or service

Please note thai while the product will be
remedied under this warranty wilhoul charge, this
warranty does not cover or provide 'or (he
reimbursement or payment ol incidental or
consequential damage arising out of the use of or
inability to uso this product.
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very light particles (about 2.000 limes less mass
than • prolon) and have a charge ol -V Because ol
their light mass and single charge, beta particles
can penetrate more deeply Into matter than alpha
particles can. When a bela particle's energy
exceeds 70 keV il can penetrate human skin. A lew
millimeters ol aluminum will slop most bela
particles.

ELECTRON VOLTS: The amount ol energy In a
given particle or my is expressed in electron Volts.
One electron Volt (abbreviated eV) is equivalent to
(he energy gained by an electron when il is
accelerated through an electrical field ol 1 volt.
t.OOO eV • 1 keV. 1.000.000 eV * 1 MeV. The higher
the eV rating ol a particle or ray the greater the
penetration il can achieve. Example: 150 keV x-rays
can penetrate a lead apron that shields 10 keV x-
rays.

OAMMA RAYS: Short wavelength electromagnetic
radiation higher in frequency and energy than
visible and ultraviolet lighl. Gamma rays are
emitted Irom (he nucleus ol an atom and have
energies ranging from 10 keV to 9 MoV. These high
energy photons are much more penetrating than
alpha and bola particles.

ION: An atomic particle, atom, or molecule that has
acquired an eleclrial charge, either positive or
negative, by gaining or losing electrons.

IONIZATION: The process by which neutral atoms
or molecules are divided into pairs of oppositely
charged particles known as ions.

IONIZATION PATH: The trail of ion pairs produced
by an ionizing radiation as it passes through
mailer.

IONIZING RADIATION: Radiation capable ol
producing ionization by breaking up atoms or
moieculcs into oppositely charged particles called
ions.

RAD: The radiation absorbed dose, or rad. is a
measurement of the quantity of radiation required
for 100 ergs of energy to be absorbed by one gram
of body tissue When measuring gamma and x
radiation, i rad is approximately equivalent to 1
Roentgen. Therefore if a person were exposed to 1
Roentgen per hour (1 R/hr) of gamma or x
radiation for 1 hour, he or she would have received
a dose ol 1 Roentgen or approximately 1 rad 1
millirad (mrad) - .001 rad.

RADIATION: The emission and propagation of
energy through space or through matter in the
lorm of particles or waves.

RADIOACTIVE: A term commonly used to refer to
a source of ionizing radiation.

REM: The radiation dose equivalent in man. or rem.
A special unit ol dose equivalence that measures
the dose received in terms of its estimated
biological effect. The rem value can be calculated
by multiplying the rad value by a quality factor (OF)
that has been determined for the various forms of
radiation (rems = rads x OF). For gamma and x
radiation OF = 1; tor beta below 30 keV. OF « 1: for
bola above 30 keV OF = 1.7; and lor alpha OF = 10
One mrem = .001 rem.



SPECIFICATIONS

CALIBRATION: Cesium 137 gamma source. Na-
tional Bureau o< Standards traceable Calibrated
with the instrument held in a vertical position, back
side o( instrument pointing loward the radiation
source. The calibration point is to the center ol tho
Geiger lube (see Illustration 2).

SENSOR: Industry Standard halogen-quenched
Geiger-Mueller tuba with thin mica end window,
15 to 2.0 mg/cm' in thickness.

AUDIO: Built-in piezo electric transducer gives
audible indication ol each count when OFF-ON-
AUOIO switch is in AUDIO position. Frequency is
approximately 3 kHz.

ENERGY SENSITIVITY: (Typical Specifications)
Delects alpha down io 2.5 MeV; detection
eldciency at 3 6 MeV is greate than 60%. Delects
Beta at SO KeV with 35% c lection eldciency.
Detects Beta ai 150 keV v ih 75% detection
elliciency. Detects gamma and x radiation down to
10 keV through the end window, 40 keV through
the case.

VOLTAGE REGULATION-. Dual regulation oi high
and low voltages.

POWER REQUIREMENT: One 9-volt alkaline
baltery. NEDA N1G04A or «q< valen).

POWER CONSUMPTION: Less than 3 milliwatts in
a low radiation lield. 250 milliwatts maximum in a
high radiation field.

BATTERY LIFE: Up to 2.000 hours at normal
background radiation levels.

TEMPERATURE RANGE: 0* to 50° C

WEIGHT: 245 grams (88 oz.) including ballery.

SIZE: 145 mm x 72 mm x 38 mm (5 7" x 28" x 1.5")

GLOSSARY

ALPHA PARTICLES: Positively charged particles
emitted Irom the nucleus ol an atom. Alpha
particles are relatively large, and very heavy Due to
its strong charge (*) and large mass, an alpha
particle cannot penetrate tar into any material. A
sheet of paper or an inch or two of air is usually
sufficient lo stop most alpha particles However,
the alpha particle's charge produces a high level of
ionization along its path, and that can be very
damaging to living tissue It can be very dangerous
to inhale or ingest sources ol alpha radiation.

BACKGROUND RADIATION: Naturally occurring
radiation that is always present Sources ol
background radiation include 1) high energy
gamma rays Irom the sun and outer space, and 2)
alpha, beta, and gamma radiation emilted Irom
radioactive elements m the earth

BETA PARTICLES: Negatively charged particles
emitted from an atom. Bela particles have a mass
and charge cQunl to that of an electron They are
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Static Eliminators—Static eliminators lor reducing
Static on dim and records commonly use radio-
active polonium, a strong alph? emitter.

SOLAR ELECTRONICS RECOMMENDS THAT
CONTACT WITH ANY RADIOACTIVE MATERIALS
AND/OR OTHER SOURCES OF RADIATION BE

AVOIDED WHENEVER POSSIBLE.

PRECAUTIONS

\ Avoid exposing this instrument lo liquids,
moisture and corrosive gases.

2. Avoid exposure lo extreme temperatures or
direct sunlight lor extended periods.

3. II the instrument will not be used lor long
periods (one month or more) remove battery
lo prevent leakage.

4. The Geiger tube Alpha Window can be
damaged il struck directly. Do not insert any
pointed objects through the Alpha screen.

5. Extremely high radiation fields can cause
overload in any Geiger counter, including
MONITOR 4. Approach suspected high level
radiation sources cautiously with the inslu-
ment turned on watching the meter and the
count light carelvilly and/or listening to the
beeper, lor the Geiger tube can jam. causing
an erroneous reading or no reading at all.
The instrument will (unction normally when
removed from the source of high radiation.

6. To avoid contamination ol your MONITOR 4.
do not touch the instrument to the surface
being tested.

CAUTION: MONITOR 4 hoi high voltage inside
(500 volts DC required lo operate the
Geiger tuba). Return to factory lor
servicing.

SERVICE AND CALIBRATION

Your MONITOR 4 radiation detector is a quality
state-of-the-art instrument designed to provide
years of useful service. Should it ever need
servicing outside of warranty. Solar Electronics
oilers factory calibration and repair at reasonable
rates.

To maintain the highest degree of accuracy we
recommend annual calibration at the factory or a
check with a known radioactive source.

For factory service or calibration, send unit
postpaid to:

Solar Electronics International
Instrumentation Division
Service Department
156 Drakes Lane
Summertown. Tennessee 39483
USA

Pleas* enclose a letter of request Indicating what
kind of service is needed. For servicing during the
\irne period covered by Warranty, see Warranty'on
the last page of this manual.

Note: Solar Electronics will not accept contam-
inated Instruments for repair or calibration under
warranty or otherwise.



TO DETECT BETA RADIATION poml Die ALPHA
WINDOW low.nd the somco ol inflation Beta
ladi.ition hns a long?) mnge through Air ihnn alpha
panicles bvii can usually Oc shielded by a lew
millimeters ol aluminum

TIPS FOR MEASURING LOW LEVEL RADIATION

in some cases it Is desirable lo detect subtle
changes in radioactivity. One example is detecting
radiation in the home due to radon gas that is
emitted from some building materials.

Here is * good method (or doing this: first lind
out the normal background radioactivity lor your
location by determining the number ol Counts-per-
Minute you can expect from natural background
radiation You can do this by counting incoming
counts on your MONITOR 4 while using a watch lo
time yourself Usually in a one minute period you
can expect 5 lo 25 counts, depending on your
location and altitude. For a good average, count for
five minutes and divide the number of counts by 5.
This will give you your average background
radiation in Counts-per-Minute. Do this out-of-
doors in an open area away from poss'hie radiation
sources. Now do the same thing in areas of your
home (hat have poor ventilation or possible
sources of radioactivity. If your average Counts-
per-Mmute are significantly higher in your home,
you might have a radon buildup or other sources of
radiation present.

This same method can be used to check your
television set for excess x radiation. Any x-rays

emitted by your TV would probably be low m
energy so check all around your set using ihe
Alpha window on your MONITOR 4

OTHER HOUSEHOLD SOURCES OF RADIATION

Smoke Detectors—Many smoke detectors contain
a radioactive isotope as part ol the smoke sensing
mechanism. While these smoke detectors are
relatively safe when installed properly, it is
recommended that they be returned to the
manufacturer for proper disposal.

Pottery—Some pottery and crockery is glazed with
a compound containing Uranium oxide, usually
orange or red in color.

Camping Lantern Mantles—Some lantern mantles
are made with radioactive Thorium II you must use
these mantles, it is recommended not to use them
in enclosed areas with poor ventilation Take care
to dispose of the ashes without inhaling or
ingesting the fine powder that is left when they've
burned out.

Clocks, Watches and Timers—Many old timepieces
have dials painted with radioactive Radium,
causing them to glow in Ihe dark. This practice has
been abandoned because of the health hazards
posod by it. Tritium is now commonly used lo
obtain the same ef fect Tritium is also radioactive
but emits low energy beta radiation which cannot
cosily penetrate the glass lens of the timepiece.



MEASURING RADIATION

MONITOR J delects ihc lour main types ol
ionizing radiation alpha, beta, gamma and x-rays.
II is calibrated to gamma rays from a Cesium 137
source, but also serves as an excellent indicator ol
relative intensities Irom most sources o' ionizing
radiation

The position o' the Geiger tube sensor is shown
in Illustration 2. The end ol (he tube has a thin mica
window built into it. This mica window can be
broken il struck directly, and is protected by the
screen on the end ol the instrument. This ALPHA
WINDOW (see Illustration 1) allows alpha particles
to penetrate the lube and be detected, and will also
sense low energy beta, gamma, and x radiation thai
cannot penetrate the side ol the tube.'

Unless you expect to be measuring high levels of
radiation, always keep (he range switch in the x1
position. It you are making a measurement and the
meler goes oil scale to the right, move the range
switch to the next higher selling. xlO or xtOO if
necessary.

The "count" Mashes and beeps are shorter in the
xlO and xlOO ranges, and this is entirely normal.
One count is still registered for each particle or ray
delected.

'Nott: Some very low energy radiation cannot
penetrate the alpha window either. See
SPECIFICATIONS lor Geiger tube sensitivity.

OUTLINE OF
GEIGFR TUBE

Illustration 2

tD-

TO MEASURE GAMMA AND X-RAYS, hold
MONITOR 4 in a vertical position with the back
side of the instrument pointing toward the source
of radiation (see Illustration 2). Low energy gamma
and x-rays (below 40 keV) cannot penetrate the
side of the Geiger tube, but can be delected
through the ALPHA WINDOW.

TO DETECT ALPHA RADIATION, position the
suspected source of radiation next to the ALPHA
WINDOW. Alpha radiation will not travel far
through air so place the source as close as possible
(within '/« inch) without contaminating the
instrument. Most alpha radiation can be shielded
with a sheet of paper.



ALPHA WINDOW
& ALPHA SCREEN

MF.TF.R

COUNT LIGHT -
RANGK SWITCH

BEF.PMR
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Illustration
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MONITOR « senses radiation by means of a
GEIGER MUELLER lube built into the instrument.
THIS is the same type of sensor used in all geiger
counters and many other scientific instruments.

When a ray or particle ol IONIZING RADIATION
passes through this lube, it is sensed electronically
and displayed by (lashing the COUNT LIGHT on
Ihe instrument lace. When the OFF-ON-AUDIO
sw.tch (see Illustration 1) is in Ihe AUDIO position
the instrument will also "beep" each time radiation
is sensed and counted.

About 5 to 25 of these counts, at random
intervals, can be expected every minute from
naturally occurring "background" radiation, de-
pending on location and altitude The meter
pointer on MONITOR 4 will rise and lall slightly
with each count

When a strong source of radiation is present, the
meter pointer will rise dramatically, indicating Ihe
level ol radiation being measured in milliRoentgens
per hour (mR/hr). A milliRoentgen is one
thousandth ol a Roentgen (see Glossay lor details)

The Range Switch selects the range ol radiation
intensity measured. In xl (limes one) the meter
reads from 0 to .5 mR/hr as indicated on the meier
scale. In xiO Ihe reading is multiplied by 10.
indicating levels up 10 5 mR/hr. In x100 the reading
is multiplied by 100. reading up to 50 mR/hr

Installing and Testing Ihe Battery

To operate MONITOR ". f irst install a Iresh 9-voit
alkaline battery (NEDA H1604A or equivalent) The
battery compartment is located at the bottom rear
side of the instrument, and is accessible by
pushing down on the linger grip provided Snap m
the bBltery and slide Ihe cover back into position

To test the battery, turn Ihe instrument on and
slide Ihe RANGE SWITCH to the BATT position
The meter pointer should now reach the BATT line
on the boltom meter scale. When the pointer (ails
to reach this line it's lime to replace the battery

Always lyrn |hn instrument oil before installing
the ballcry. Battery life is up to 2.000 hours at
normal background radiation levels
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7 APPENDIX G - HYDROGEN CYANIDE CONTINGENCY PLAN
k

Should hydrogen cyanide levels in excess of 10 ppm be encountered, workers will

J withdraw upwind. If not on-site, the Site Safety Officer will be contacted. The
excavation/drill hole will be allowed to vent and then be rechecked by the Site Safety
Officer. If levels are below 10 ppm, work will be continued, with close HCN monitoring.

1
1 If levels do not fall below 10 ppm within 20 to 30 minutes, the area will be covered as
, best as possible with available materials. Workers will remain upwind at all times during
I this closure operation. The Site Safety Officer will be in charge of this operation. Re-

entry of a "closed" area will not be performed until after consultation with the client as
well as with Warzyn Health and Safety Management personnel.

In case that a worker becomes exposed to cyanide, follow the procedures below.

Hydrogen Cvanide First Aid
The SSO will notify the local medical facility that the potential for hydrogen cyanide
exposure exists at the Site. This will allow emergency personnel to have the necessary
equipment in the event of a cyanide exposure emergency.

INHALATION
Symptoms of Very Acute Poisoning

• Victim cries out before losing consciousness
• Victim falls to the ground
• Wheezing
• Foaming at mouth
• Violent convulsions
• Almost immediate death

Signs and Symptoms of Acute Poisoning
• Excitement phase

headache
breath smells of bitter almond
dizziness
nausea, occasionally vomiting
rapid breathing
anxiety and excitement
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• Depression Phase
' difficulty in breathing
f chest pain
: drowsiness
i

Convulsion phase
: convulsions

jaws clenched together
foaming at mouth

i loss of consciousness

• Paralysis phase
' deep coma
j '- dilated pupils
1 weak and irregular pulse

breathing stops
] death
i
k

If the subject survives, there is a risk of permanent nervous system damage,
i
\

i Signs and Symptoms of Slight Poisoning
• Headache

1 • Dizziness
• Anxiety

. ;• • Difficulty in breathing* '•*,..''

^ INGESTION
| Signs and Symptoms
• • Burning tongue and mouth

• Salivation
' • Nausea

SKIN CONTACT
; Signs and Symptoms
' The gaseous and liquid compounds are quickly absorbed by the skin and cause symptoms
, described uncler INHALATION, acute to slight poisoning.
i

Depending on their nature, they can be very or only slightly irritating.
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{ SPLASHING IN EYES
1 When absorbed by mucous membranes of the eyes, these compounds can cause the same

symptoms described in INHALATION, slight poisoning.

1

Immediate Signs and Symptoms
• Irritation
• Watering of eyes

Inhalation First Aid
Remove the victim from the contaminated area only after protecting yourself
from exposure.

• Have someone call the Emergency Medical Service and arrange for transport to a
medical facility. Inform them of the nature of the exposure.
Remove contaminated clothing and equipment while wearing appropriate
protective clothing.

J lf the Victim has Stopped Breathing:
• Open his airway, loosen his collar and belt, and administer artificial respiration

using a bag-valve mask.

I - Check the pulse. If the heart stops, administer CPR.
• Continue your efforts until help arrives or the victim starts to breathe on this own.
• Keep the victim warm and quiet.

If the Victim is Unconscious but Breathing:
• Lay him on his back. If he is vomiting, turn his head to the side.
• Clear his airway and loosen tight clothing.
• Keep him warm and quiet.
• Do not leave him unattended.
• Never give an unconscious person anything to drink.

If the Victim is Conscious:
• Lay him down, cover Him with a blanket and keep him quiet.
• Loosen tight clothing.
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' Ingestion First Aid
1 Your Goal is: To start lifesaving treatment, call for help and, if possible, empty the

stomach and prevent further injury caused by absorption. PROMPT TREATMENT IS
' LIFESAVING.

• Ask someone to call a poison control center, inform them of the chemical
i swallowed and follow their advice.
] • Ask someone to call the Emergency Medical Service and arrange for transport to

a medical facility.

* If the Victim is Unconscious or Unresponsive:
• Lay him on his left side and loosen his collar and belt.

1 • Check the airway for obstruction.

If the Victim Stops Breathing:
; • Administer artificial respiration using a bag-valve mask.

) If the Victim is Conscious and Alert:
Remove him from the contaminated area to a quiet, well ventilated area.

• Loosen tight clothing around the neck and waist.
} - Have him rinse his mouth several times with cold water and spit out.
1 • Give him 1 or 2 cups of water or milk to drink.

• Induce vomiting by touching the back of the throat with your finger, a spoon
* handle or a blunt object.
1 • Have the victim sit up and lean forward while vomiting.
r • Save vomitus for analysis later. Avoid skin contact with it.
i . - • Do not leave the victim alone.

« ~" DO NOT give an unconscious person or a person who is having a convulsion anything
j to drink.

f DO NOT give alcohol, drugs or stimulants like tea or coffee,
i

DO NOT continue to try to induce vomiting in someone who doesn't gag when you
* touch the back of his throat.

t
i

i
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First Aid in Case of Skin Contact
• Remove the victim from the source of contamination and take him

IMMEDIATELY to the nearest shower or source of clean water.
• Remove clothing, shoes, socks and jewelry from the affected areas as quickly as

possible, cutting them off if necessary. Be careful not to get any of the chemical
on your skin or clothing.
Wash the affected area under tepid running water using a mild soap.

• Thoroughly rinse the affected area with tepid water.
Dry the skin gently with a clean, soft towel.

• Notify a physician, emergency room, or poison control center and inform them of
the nature of the substance and the accident

• Arrange for transport to the nearest medical facility.
• Do not leave the victim alone. Watch for signs of systemic toxicity.

] If the Skin is Inflamed or Painful:
Put the painful part in cold water or apply cold wet dressings on the burned area.

| First Aid in Case of Eye Contact
Your goal is: To remove all the chemical from the eye(s) quickly.

J • Remove the victim from the source of contamination and take him to the nearest
eye wash, shower, or other source of clean water.

] • Gently rinse the affected eye(s) with clean, lukewarm water for at least 15
minutes. Have the victim lie or site down and tilt his head back. Hold the
eyelid(s) open and pour water slowly over the eyeball(s) at the inner corners,
letting the water run out the outer corners.

• Ask the victim to look up, down and side to side as your rinse in order to better
reach all parts of the eye(s). Have the victim remove contact lenses if he is
wearing them.
Arrange for transport to the nearest medical facility for examination and
treatment by a physician as soon as possible. Tell the Emergency Medical Service
personnel the name of the chemical and the nature of the accident.

Even if there is no pain and vision is good, a physician should still examine the
eye(s) since delayed damage may occur.
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I • If the victim cannot tolerate light, protect his eye(s) with a clean, loosely tied
» handkerchief or strip of clean, soft cloth or bandage. Be sure to maintain verbal

communication and physical contact with the victim.

DO NOT let the victim rub his eye(s).
. DO NOT let the victim keep his eyes tightly shut.
I DO NOT introduce oil or ointment into the eye(s) without medical advice.

DO NOT use hot water.

GENERAL ON-SITE FIRST AID
The following discusses general on-site First Aid procedures for exposure to
contaminants other than cyanide on-site:

Contaminated Material in Eyes - Wash with copious amounts of water for at least
15 minutes. Lift upper and lower lids occasionally. Seek medical attention
immediately. (Eye wash will be available on-site).

• Contaminated Materials Contact Skin - Promptly wash area with soap or mild
detergent and water for organics, just use water for corrosives. Flush well with
water. Check for signs of skin irritation. Seek medical attention if unusual
appearance of skin or sensation is noted.

• Contaminated Materials Penetrate Protective Clothing - Discard protective
clothing and underlying clothing. Wash skin as described above. Confer with Site
Safety Officer in selection of new protective clothing.

• Inhalation of Contaminated Air - Move person to well ventilated are at once. If
individual is not noticeably affected and has uo side affects after about fifteen
minutes, returning to work is allowed providing the work area is no longer
contaminated. If individual has not fully recovered, continue to monitor for 15 to
20 additional minutes and seek medical attention if necessary. Use artificial
respiration if breathing has stopped. In such instances, seek medical attention
after victim has resumed breathing. If possible have someone seek medical
attention while person is being resuscitated.

• Ingesfion of Contaminated Materials - If conscious, flush mouth with water, being
careful not to swallow. Contact local poison center (see telephone number in
Emergency Response and Information section). When called for, induce
vomiting by physical means or syrup if ipecac (DO NOT induce vomiting in
unconscious persons). Seek medial attention promptly. Attachment (Hydrogen
cyanide)
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